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1.0       INTRODUCTION 

ICF Kaiser Engineers (ICF) and Environmental Resources Management (ERM) have been 
contracted by the U.S. Army Environmental Center (USAEC) to perform a Focused Feasibility Study (FS) 
for contaminated soil within the northern industrial areas of Milan Army Ammunition Plant (MAAP), 
Tennessee. This work is being performed under Contract No. DAAA15-91-D-0014, Task Order 2. The 
purpose of the Focused FS is to develop and evaluate remedial alternatives such that an appropriate 
remedy can be selected for the site. 

The MAAP Remedial Investigation (Rl) performed in 1989-1991 (USAEC, 1991a) confirmed that 
the 0-Line Ponds area, facility drainage ditches that received industrial wastewater, and manufacturing 
and disposal areas have been sources of groundwater contamination. One finding of the Rl Report was 
that sufficient information was available concerning the 0-Line Ponds area to proceed with a Focused FS. 
The 0-Line Ponds area was further divided into two operable units (OUs): OU1 is the groundwater 
immediately downgradient of the 0-Line Ponds area, and OU2 is the soil, surface water, and sediment 
at the 0-Line Ponds area. A Proposed Plan and Record of Decision (ROD) for OU1 were finalized in 1992, 
which called for groundwater extraction, treatment, and reinjection of the treated water upgradient of the 
0-Line Ponds. The design of this system was completed in 1993, and construction of the system is 
currently underway. For OU2, the Proposed Plan and ROD (finalized in 1993) called for the extension of 
the existing multi-layered cap to cover the contaminated soil around the perimeter of the existing cap. 
The design of the cap extension was completed in 1994, and construction will begin in late 1994. 

At the same time that work began at the 0-Line Ponds area, additional work began in evaluating 
the residual contamination in the northern ditches and the off-post groundwater on the west side of the 
facility. This investigation has led to the Army's decision to fund the effort to design and build a substitute 
water supply system for the City of Milan. 

In addition, an investigation of the southern study areas (consisting primarily of the Open Burning 
Ground (OBG) and the Ammunition Destruction Area (ADA)) began in the spring of 1994. These 
investigations will lead to the development of Focused FS reports and decisions regarding remediation 
of the contaminated areas. 

An investigation of the source areas within the northeastern portion of the facility (designated as 
OU3) began during the summer of 1993. This general investigation of the OU3 area has led to a focused 
study of Line B (the field work was performed during the summer of 1994) and the northern facility 
boundary within OU3. At the northern boundary of OU3, explosives compounds have been detected at 
increasing levels in the groundwater, and these contaminants are migrating off site. As a result of the 
northern boundary study, a Proposed Plan and ROD were published in late 1994 that calls for extraction 
and treatment of off-site groundwater. The Focused FS report for the Line B investigation will be 
published in early 1995. 

This Focused FS Report addresses the explosives-contaminated soil within the northern industrial 
areas, which consists of the load lines and disposal areas in the northern portion of MAAP. Although the 
areas of contaminated soil within these areas have not been fully defined, this Focused FS presents an 
approach for identifying areas of explosives-contaminated soil requiring remediation. When these areas 
are remediated, the residual risk posed to human health and the environment will be reduced to levels 
within the U.S. Environmental Protection Agency (USEPA) target risk range. This Focused FS identifies 
and screens remedial technologies potentially capable of remediating the soil that is removed from the 
northern industrial areas. 
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The specific project tasks included in this report are the following: 

• Remedial action objectives have been developed for the specific contaminants, affected 
media, and exposure pathways; 

• Remedial technologies have been identified which, alone or in combination, can treat, 
contain, or dispose of contaminated media; 

• The remedial technologies have been screened to eliminate those that are not technically 
implementable, based either on non-attainment of chemical-specific requirements or on 
the volume of media which must be treated; 

As required under the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA), as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), the remedial technologies have been assembled into 
remedial alternatives which, to the maximum extent practicable, utilize permanent 
solutions and alternative technologies; and 

A detailed analysis of the remedial alternatives has been performed using the nine 
evaluation criteria listed in the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP). 

This Focused FS has been conducted in accordance with USEPA guidance documents which 
govern activities performed under CERCLA, as amended by SARA, and as implemented by the NCP, 40 
CFR 300; and the President's Council on Environmental Quality (CEQ) regulations (40 CFR 1500-1508). 

1.1        ORGANIZATION OF REPORT 

This report contains eight sections, as follows: 

Section 1.0 - Introduction 
The purpose of the Focused FS and organization of the report are presented. 

Section 2.0 - Site Background 
The site background and the results of previous investigations, including the Rl and all relevant 
follow-on work, are presented. The discussion focuses on the results relevant to the northern 
industrial areas. 

Section 3.0 - Remedial Action Objectives 
Remedial action objectives are identified for explosives-contaminated soil at the northern industrial 
areas. These remedial action objectives include risk-based remediation goals for contaminants 
in the soil. 

Section 4.0 - Identification of General Response Actions 
General response actions that are applicable to the areas of concern are identified. These 
general response actions are broken down into technologies and process options, which are 
screened based on implementability, effectiveness, and order-of-magnitude cost. 
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Section 5.0 - Development of Remedial Alternatives for Soil 
Remedial alternatives for contaminated soil are developed by combining the remedial technologies 
that remain after screening. 

Section 6.0 - Detailed Evaluation of Remedial Alternatives 
Using the nine criteria identified in the NCP (40 CFR 300.430(e)), each remedial alternative is 
evaluated in detail. 

Section 7.0 - Comparison of Remedial Alternatives 
Based on the results of the detailed evaluation, the remedial alternatives are compared based on 
the nine evaluation criteria. 

Section 8.0 - References 
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2.0       SITE BACKGROUND 

The following section presents information regarding MAAP and, specifically, the northern 
industrial areas. This includes information on the site history, physical setting of the area, and a summary 
of potential environmental problems identified at the site based on previous investigations. 

2.1        PHYSICAL SETTING 

2.1.1 Location 

MAAP currently covers 22,436 acres and is situated in both Gibson and Carroll Counties in 
western Tennessee (see Figure 2-1). The City of Milan lies 5 miles west of MAAP and has a population 
of 8,100; Humboldt lies 17 miles southwest with a population of 10,200; Trenton lies 18 miles northwest 
with a population of 4,600; and Jackson lies 28 miles south with a population of 50,000. The site is 
located approximately 60 miles east of the Mississippi River. 

2.1.2 Climatology 

The MAAP area is characterized by a temperate and continental climate. Rainfall averages about 
50 inches per year, with an average minimum of 2.9 inches in October and an average maximum of 6.0 
inches in January. There is no dry season. Snowfall can be highly variable from year to year. The 
average annual evaporation is approximately 40 inches, and relative humidity averages 60-70%. The 
monthly mean temperature ranges from 40°F in winter to 80°F in July. The average frost free season is 
215 days per year. The average depth of frost is 3 inches, with an extreme depth of 10 inches. Prevailing 
winds are from the south at an average velocity of 6-10 miles per hour (mph). 

2.1.3 Site Physiography and Topography 

MAAP lies within the Gulf Coastal Plain physiographic province of the Mississippi Embayment, 
west of the western valley of the Tennessee River and east of the Mississippi River valley. The topography 
of the site and surrounding area is gently rolling to flat. It slopes regionally westward and contains 
numerous small streams, creeks, and drainage ditches. The elevation of the plant varies from a high of 
approximately 590 feet above mean sea level (ft-msl) on the south side to a low of approximately 320 ft- 
msl on the north boundary of the plant. 

2.1.4 Site Geology 

The surface soil at MAAP (to a depth of about 2 feet) consists chiefly of a reddish-brown to yellow 
mottled silty clay that grades into a clay unit with depth. The soil types include the Memphis, Loring, 
Henry, Falaya, and Waverly soil associations. The Memphis and Loring series occur on higher elevations 
and is a well-drained soil. The Henry soil series is somewhat poorly drained and is usually associated 
with flat terrain while the Falaya and Waverly occur in the low areas and are poorly drained. 

The surface alluvium encountered at MAAP ranges in thickness from 10 to 20 feet. The alluvium 
consists of a yellowish-brown to strong brown loamy, silty, clay. The silty clay is loose to moderately stiff 
with low plasticity, and contains varying amounts of organic material. 

The hydrologic unit below the surface alluvium is the Memphis Sand in the Claiborne Group of 
Tertiary age. The Memphis Sand consists of a thick body of sand that includes thick beds of clay and 
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FIGURE 2-1 
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silt. The sands in the Memphis Sand range from very fine- to very coarse-grained, but are commonly fine- 
to-medium and medium-to-coarse grained. The color of the sands varies, but is predominantly white, 
brown, yellow or gray with minor occurrences of reddish-yellow to red sands occurring as thin bands 
within the more common sand zones. The sand is thick-bedded, with grain sizes varying vertically as well 
as laterally. Thin layers of indurated rock fragments were encountered during drilling at MAAP and are 
probably erosional lag deposits from an iron-cemented sandstone source. Subordinate lenses or beds 
of clay and silt are present at various horizons, and these clay and silt lenses vary in thickness. During 
drilling activities conducted as part of the Rl (USAEC, 1991a), most of these lenses were observed to be 
0.04 to 0.5 feet thick. The clay and silt locally are carbonaceous and lignitic; thin lenses of lignite also 
occur locally. 

The Flour Island Formation of the Wilcox Group is the lower confining unit for the Memphis Sand 
and consists predominantly of clay and silt (Parks and Carmichael, 1990). The thickness of this unit 
beneath the Milan area is estimated to be 50 feet, based on interpolations from regional cross-sections 
(Parks and Carmichael, 1990). It is believed that this unit was encountered at a depth of 245 feet at a 
borehole on the northern border of MAAP. 

The exact depth to rock under MAAP is not known. A test well drilled to 1,289 feet about 20 miles 
south-southwest of MAAP near Jackson, Tennessee, was stopped in a sandy clay marl. It was estimated 
that rock (possibly limestone) would be encountered between 500 to 800 feet below the drilled depth of 
the test well. 

East-west and north-south cross-sections were developed from the well boring logs of monitoring 
wells installed at MAAP during the Rl (Figures 2-2 and 2-3). The locations of the monitoring wells on 
which these cross-sections were based are shown on the site map (Figure 2-4). Split spoon samples 
were collected at five-foot intervals from the shallow and deep monitoring well borings at cluster well sites. 
The lithologic logs from these wells were combined to form a composite stratigraphic column for the site. 
Other stratigraphic columns were constructed from the boring logs of single wells. The split spoon 
samples collected are lithologically representative of a two-foot interval within a five-foot drilling interval. 
The stratigraphic columns illustrate a continuous lithology based on the samples collected and 
observations recorded during drilling of the borehole. For example, a split spoon sample containing 
sands from the 20 to 22 foot depth interval was considered continuous if the sands were also recovered 
in the split spoon sample from the 25 to 27 foot depth interval. If a clay zone was encountered and 
observed in the drill cuttings during drilling from 20 to 25 feet, the depth and approximate thickness of 
the clay unit was noted on the boring log. 

The cross-sections (Figures 2-2 and 2-3) indicate that the lithology varies both vertically and 
laterally over short distances. Wells MI057 and MI058 are 800 feet apart, and from the stratigraphic 
columns shown in Figure 2-2, it is evident that the occurrence and thickness of the clay zones changes 
considerably over short distances. Therefore, correlation of stratigraphic units has not been attempted 
because of the lateral variations in lithology and absence of laterally continuous and recognizable 
stratigraphic units. 

2.1.5 Site Hvdroqeoloqy 

The major controls on groundwater movement in the unconfined aquifer underlying MAAP are the 
dip of the sediments, surface topography, and surface recharge and discharge patterns. Groundwater 
flow in the MAAP area is generally to the west, in the direction of regional dip of these sands, and also 
trends northerly because of the topographic influence. The dip of the sands is about 20 feet/mile to the 
northwest. On a general scale, there are no abrupt hydrologic boundaries in the aquifer. The clay lenses 
and clay rich zones may locally alter vertical groundwater flow, and stratification of the sediments tends 
to make vertical conductivities lower than horizontal conductivities. 
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Extensive drilling and borehole logging was conducted at the site as part of the Rl (USAEC, 
1991a). While drilling in the OBG, localized zones of perched water were encountered. Perched water 
was not encountered while drilling boreholes in other areas of the site. 

2.1.5.1 Estimate of Hydraulic Conductivity. Horizontal hydraulic conductivity of the aquifer 
beneath MAAP was estimated by several different methods and compared to previous site investigation 
results and to published values. Table 2-1 provides a summary of these estimates. Results reported by 
Weston (USAEC, 1983) offer a greater range in conductivity than those reported in the Rl (USAEC, 1991 a), 
Rl Follow-On (USAEC, 1993a), or the Hydrogeological Investigation Report (USAEC, 1992b). However, 
solution methods and rationale employed by Weston may have been inappropriate for the data collected. 
For example, the solution method employed by Weston is based on the assumption that the tested wells 
fully penetrate the aquifer. In fact, the wells penetrate only 20 to 55 feet of an aquifer which is 
approximately 250 feet thick at the locations of the tested wells. 

Parks and Carmichael (1990) report a conductivity value of 0.0278 ft/min (40 ft/day) for the 
Claiborne Aquifer determined from a pumping test performed in a municipal supply well in the city of 
Milan. The Ground Water Manual (U.S. Bureau of Reclamation, 1977) provides a range of hydraulic 
conductivities between 1x10"2to 1X10"4 ft/min (0.14 to 14 ft/day) for aquifer materials similar to those found 
at MAAP. 

Estimates of hydraulic conductivity were developed from slug test and recovery test data, and 
grain size analysis of soil samples performed during the Rl. Good agreement was obtained between 
hydraulic conductivity values calculated from these methods. These values also agreed well with the 
results of the pumptest of a production well in Milan, TN, reported by Parks and Carmichael (1990). The 
Rl report estimates that the average value of hydraulic conductivity across the site is 27 ft/day. 

As part of the O-Line Ponds investigation, a step-drawdown test, two high-rate pump tests, and 
a recovery test were conducted for a test extraction well installed north of the O-Line Ponds area (USAEC, 
1992a; USAEC, 1992b). The results of these aquifer tests were evaluated to develop estimates of 
hydraulic conductivity. Both the Theis (1935) solution, modified for partially penetrating wells in 
unconfined aquifers and the Neuman (1975) solution were used to analyze these data. Recovery test data 
were analyzed using the Theis (1935) recovery method. Distance-drawdown analysis was also used to 
estimate the hydraulic conductivity from the drawdown data simultaneously from different wells during the 
constant-rate tests. The average hydraulic conductivity value from analysis of these aquifer tests is 57 
ft/day. 

During the Rl Follow-On work, ERM developed an estimate of hydraulic conductivity through 
calibration of a two-dimensional groundwater flow model (USAEC, 1993a). This resulted in an estimate 
of 97 ft/day with an annual recharge rate of 9.5 in/yr. 

2.1.5.2 Groundwater Contours. Water levels were measured in the monitoring wells on 
December 3,1990, and again on November 3,1993. Because the water level contours constructed from 
the December 1990 data appeared to be in error, all of the monitoring wells within OU3 were resurveyed 
for elevation in 1993. These corrected well elevation data and water level data were used to generate 
water level contours, Groundwater contours for the aquifer beneath the site are shown on Figure 2-4. 
Water levels are highest in the southern half of the site, including elevations of 446 ft-msl in MI021 and 
412 ft-msl in MI018. The water table elevation decreases in the northern portion of the site, toward the 
Rutherford Fork of the Obion River, which is consistent with the decrease in ground surface elevations. 
In monitoring well MI059, approximately 2,000 feet south of the river, the water table elevation is 379 ft-msl. 
The elevation of the river directly north of MI059 is approximately 370 ft-msl. 
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TABLE 2-1 
Hydraulic Conductivity Estimates for the Clalbome Aquifer 

at MAAP and Surrounding Areas 

SOURCE WELL TEST METHOD ANALYSIS 
METHOD 

K 
(FT/DAY) 

WESTON STUDIES (1983) 

Weston K-100 Recovery Theis, 1935 167.0 

Weston MI030 Recovery Theis, 1935 15.8 

Weston MI032 Recovery Theis, 1935 0.4 

Weston MI040 Recovery Theis, 1935 28.9 

Weston — Grain Size 
Analysis Average 

Pall & Moshenin, 
1980 

5688.0 

MILAN MUNICIPAL WELL PUMP TEST (1990) 

WRI 88-41821 Milan Municipal 
Well 

Constant Rate 
Pump Test 

Unknown 40.0 

ICF REMEDIAL INVESTIGATION (1991) 

ICF MI057 Recovery Bouwer-Rice, 
1976 

34.4 

ICF MI057 Falling Head 
Slug 

Bouwer-Rice, 
1976 

25.0 

ICF MI057 Rising Head Slug Bouwer-Rice, 
1976 

25.5 

ICF MI063 Recovery Bouwer-Rice, 
1976 

17.9 

ICF — Grain Size 
Analysis Average 

Masch & Denny, 
1966 

32.0 

AVERAGE VALUE 27.0 

ICF O-LINE PONDS HYDROGEOLOGICAL INVESTIGATION (1992) 

AVERAGE VALUE 57.4 

ERM REMEDIAL INVESTIGATION FOLLOW-ON (1993) 

AVERAGE VALUE 97.0 

• 

1.Parks, W.S. and J.K. Carmichael, 1990. Personal communication, Jan. 1991. 
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2.1.5.3 Groundwater Gradients. Groundwater flows in a direction perpendicular to groundwater 
contours lines, such that groundwater pathlines follow the most direct route from the recharge area to the 
discharge area. The change in hydraulic head (A/)) over a given distance (AL) is the hydraulic gradient 
(A/J/AL=/) which drives the flow of water. Representative flow paths for groundwater traveling beneath the 
site were chosen from starting points south of the OBG to discharge points in surface water bodies or 
locations beyond the site boundaries. The horizontal gradient at the site has been calculated from the 
groundwater contour lines, and ranges from 0.0012 to 0.0019 ft/ft. The average gradient for the site is 
0.0015 ft/ft. 

The general flow directions for groundwater beneath MAAP are perpendicular to the water level 
contours, as presented in Table 2-4. Groundwater is recharged primarily by precipitation infiltration in 
highland areas in the southern portion of the site, and discharges to the Rutherford Fork of the Obion 
River. Groundwater also discharges to the lower reaches of Wolf and Johns Creeks where they flow into 
the Rutherford Fork. It is evident from the relationships between elevations of the ground surface, the 
water table, and the stream surface that the aquifer is contributing flow to the surface water bodies. 
However, given the vertical extent of the aquifer, it is likely that only the shallow portion of the aquifer is 
discharging to the surface water bodies while deeper portions of the aquifer flow toward regional 
discharge areas. This partitioning of thick, unconfined aquifers into shallow, intermediate, and deep flow 
systems is a common occurrence (Toth, 1963). In such settings, local topographic features control flow 
in the shallowest part of the aquifer while the deeper flow system is influenced by regional controls. The 
partitioning of flow within the aquifer at MAAP can only be inferred from the available data. However, 
regional studies have shown that shallow, intermediate, and deep flow systems occur within the Claiborne 
aquifer (Grubb, 1986). 

Well clusters installed at the site allowed for the characterization of vertical groundwater gradients. 
Water levels measured in 1990 and 1993 show the presence of both upward and downward vertical 
gradients which range between +0.002 ft/ft to -0.004 ft/ft. The observed vertical gradients vary between 
well cluster locations, and are apparently unrelated to possible discharge effects imposed by the river. 
The differences in magnitude of vertical gradients may be a result of local stratification within the aquifer 
material. Nonetheless, the downward vertical gradients observed in some areas, and particularly near the 
Rutherford Fork, imply that groundwater beneath the site is moving downward within the Claiborne aquifer 
and much of the groundwater is not discharging to the Rutherford Fork. The downward flow of 
groundwater at the site is consistent with the findings of a regional aquifer study (Grubb, 1986). This 
study found that the western Tennessee area is a regional recharge area for the Claiborne and other 
aquifers. Groundwater recharging in this area travels downward to the deep flow system of Tertiary 
aquifers and west to the regional groundwater discharge area in the Mississippi alluvial plain. Shallow 
and intermediate flow systems within the aquifers are in connection with local surface water bodies such 
as streams, rivers, and lakes. 

2.1.5.4 Groundwater Velocities. The average rate at which groundwater travels across the site 
can be determined using the following relationship: 

v-JUD. (i) 

where: 

V - average groundwater flow velocity (ft/day) 
K = average hydraulic conductivity (ft/day) 
/' = groundwater hydraulic gradient (dimensionless) 
Ne = effective porosity of the soil (dimensionless) 
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As previously described, the average flow gradient was calculated based on representative groundwater 
flow paths for the site, and the average hydraulic conductivity was estimated from aquifer testing methods. 
Effective porosity refers to the interconnected porosity in the saturated zone that is available for the flow 
of groundwater. An average value for effective porosity is 20%. 

Based on average values of hydraulic parameters for the aquifer at MAAP, an average 
groundwater flow velocity for the site has been calculated. Using an effective porosity of 20%, an average 
gradient of 0.0015, and an average hydraulic conductivity of 57 ft/day, the average groundwater flow 
velocity at the site is 0.4 ft/day. It is important to note that this value for velocity represents an average 
velocity for the site, and that some variation is expected for various areas of the site. 

2.1.5.5 Groundwater Potential and Flow Analysis. Decreasing groundwater potential with depth 
of screened interval was observed at wells MI059, MI060, and MI061 near the northern boundary at MAAP, 
and at various other well-cluster locations. Some of the well clusters (e.g., MI052 and MI053, which are 
located toward the interior of the facility) indicate a slightly increasing potential with depth. The vertical 
gradients appear to be small (on the order of 0.004 ft/ft) but may be of importance because the horizontal 
gradients are even smaller (on the order of 0.0015 ft/ft). The vertical gradients depend greatly on the 
precision of surveying and water level measurements, but there is a reasonable degree of consistency 
among water level data at various locations. 

During the Rl, a flow net was constructed using potential data collected from monitoring well 
clusters. The negative slope of the equipotential lines in the flow net is consistent with the postulation 
of downward gradients to groundwater flow, as was implied from the decreasing potential with depth at 
the well-cluster location near the river. The flow net also suggests that the gradient varies across the site, 
from zero slope or slightly positive slope (tendency for water to move upward) within the interior of the 
facility to a negative slope (tendency for water to move downward) nearer the river. 

Most flow lines near the river would be drawn with a downward angle of about 60 degrees to the 
horizontal. The data are not sufficient to determine flow lines in the shallow zone, but it appears that only 
a small fraction (probably less than 10%) of the aquifer discharges into the river. 

2.1.6 Site Surface Water Hydrology 

Numerous perennial and ephemeral surface water features occur within the installation and flow 
to the north-northwest as depicted in Figure 2-4. Wolf Creek, the largest interior drainage body, originates 
at Pine Lake near the southeastern boundary (not depicted in Figure 2-4), and along with three tributaries 
(Dry Creek, East Fork of Wolf Creek, and West Fork of Wolf Creek) drains the southern and central 
portions of the installation. Wolf Creek exits along the northwest boundary and empties into the 
Rutherford Fork of the Obion River. The extreme southern portion of the installation drains south to the 
Middle Fork of the Forked Deer River (not depicted in Figure 2-4). The northeastern portion of the 
installation drains to Halls Branch, Johns Creek and then to the Rutherford Fork of the Obion River. The 
northern portions of MAAP contain several well-developed, ephemeral, natural drainage bodies (including 
Ditches 4, 5, B, and C shown in Figure 2-4) that join the Rutherford Fork along the northern boundary of 
the installation. The two parent streams, the Forked Deer River and Obion River, empty into the 
Mississippi River about 60 miles west of MAAP. 

It was observed during the surface water and sediment sampling conducted during the Rl that 
the interior drainage ditches are "losing" ditches; that is, the base flow is zero. Surface water flow occurs 
only as a result of storm water runoff and industrial wastewater treatment facility (IWWTF) discharge, and 
surface water recharges groundwater at these times. 
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During the Rl, water level gages were installed at 4 locations to evaluate flow rates through the 
ditches. Because several surface water gages were installed per ditch system, water balance calculations 
were used to evaluate the percentage of water that infiltrates the ditch floor and percolates through the 
vadose zone, as opposed to flowing through the ditch as surface water. In addition, site-specific 
meteorological data were used to evaluate the rate of evapotranspiration. 

When the results of the analysis of evapotranspiration are combined with the results of the stream 
gage measurements, the following general conclusions may be drawn: 

• The ditches are fed primarily by surface runoff during and immediately after storm events. 
Of the water that reaches the ditch system, approximately 90% of it infiltrates the soil in 
the ditch floor and 10% flows through the ditch system to the Rutherford Fork. 

• Approximately 95% of the precipitation at the site percolates through the soil zone. 
However, 50% of this water is evapotranspired to the atmosphere. Therefore, 
approximately 48% of the precipitation at the site percolates through the vadose zone to 
recharge groundwater. 

• The approximate average annual amount of groundwater recharge through precipitation 
and percolation is 48% of 50 inches per year, or 24 inches per year of annual recharge. 

2.2       SITE OPERATIONS AND HISTORY 

The initial construction of the installation was completed in January 1942, and the plant has 
operated continuously since that time. MAAP is a government-owned, contractor-operated (GOCO) 
military industrial installation under the jurisdiction of the Commanding General, Headquarters, United 
States Army Armament, Munitions and Chemical Command. Presently, MAAP is operated by Martin 
Marietta Ordnance Systems, Inc. The current level of employment at MAAP is 1,350 workers. 

The general mission of MAAP currently includes: 

a The loading, assembling, and packaging (LAP) of conventional ammunition items 
as assigned; 

b. Operation and maintenance (O&M), as directed, of active facilities in support of 
current operations; 

c. Maintenance and/or layaway, in accordance with regulations for standby facilities, 
including any machinery and packaged items received from industry, in such 
condition as will permit rehabilitation and resumption of production within the time 
limitations prescribed; 

d. Receipt, surveillance, maintenance, renovation, demilitarization, salvage, storage, 
and issue of assigned Field Service stocks and V and W Group items of industrial 
stocks as required or directed; and 

e. Procurement, receipt, storage, and issue of necessary supplies, equipment, 
components, and essential materials. 

MAAP facilities include thirteen active and inactive ammunition LAP Lines (of which seven are in 
use at present); one washout/rework line; one experimental line; one central x-ray facility; one test area; 
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two shop maintenance areas; two magazine storage areas; 12 aboveground, earth-covered igloo 
magazine storage areas; a demolition and burning ground area; an administrative area; a family housing 
area; and recreational facilities. In addition, there are medical facilities, fire/ambulance stations, 10 high 
pressure heating/process steam plants, 16 low-pressure heating plants, and 6 IWWTFs. There are two 
sewage treatment plants located on the facility: Wolf Creek Ordnance Plant (WCOP) treatment plant in 
the northern portion of the site, and Milan Ordnance Depot (MOD) sewage treatment plant in the south. 
A laundry facility for clothing used by on-site personnel while working with explosives/propellants is 
located in Area J. Located in K-Line is a coal-fired steam plant, a coal pile, a storage pond, and a 
treatment plant for coal pile runoff. 

Approximately 18,600 acres within the MAAP boundary are leased for agricultural use. 
Approximately 3,984 acres are used as cropland. Cotton, corn, and soybean are the main crops, and 
smaller amounts of grain sorghum and wheat are also grown. The corn, soybean, grain sorghum, and 
wheat are grown principally for use as animal feed, but there is no restriction on the use of the crops. 
In 1991, there were 2,851 head of cattle grazing on the facility. The cattle graze between April and 
November on about 8,700 acres. In addition, MAAP has more than 6,000 acres of managed timberland. 

MAAP has 15 water supply wells that obtain water from the Memphis Sand. Three of the water- 
supply wells (C-5, S-99, and T-99) are currently in use as potable water sources. Well C-5 supplies 
potable water to the southern portion of the site while T-99 and S-99, which are high-capacity, recently- 
installed wells, supply both potable water and production water to the northern portion of the site. 

In the past, wastewater from various production activities in the lines was discharged to open 
ditches that drained from sumps or surface impoundments into both intermittent and perennial streams 
and rivers. MAAP currently treats all process water from the lines that generate explosives-contaminated 
wastewater in the six IWWTFs. This wastewater is processed by an activated carbon adsorption system 
and discharged under the authority of a National Pollution Discharge Elimination System (NPDES) permit. 

2.3       CONTAMINATION ASSESSMENT - NORTHERN INDUSTRIAL AREAS 

The northern industrial areas include the following load lines and disposal areas: 

• All load lines (which consists of Lines A, B, C, D, E, K, O, X, and Z); 
• Closed Landfill; and 
• Former Borrow Pit. 

These areas were investigated during the Rl and results of the investigation are presented in the Rl Report 
(USAEC, 1991a). 

For this Focused FS, only the remediation of contaminated soil is considered. The remediation 
of other environmental media will be evaluated in subsequent studies. 

The full investigation of contaminated soil within the northern industrial areas is underway but has 
not yet been completed. Therefore, the exact extent of areas which contain explosives-contaminated soil 
have not been identified. This Focused FS is intended to provide a non site-specific procedure for 
identifying those areas that must be remediated to reduce the residual risk to within the USEPA's target 
risk range of 10"4 to 10"6. The chemical data collected to date from the northern industrial areas is 
summarized in this section only to the extent that the information is later used in the development of the 
risk-based soil remediation levels. 
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2.3.1  Description of the LAP Line Areas 

This section summarizes the known information about the operational histories and disposal 
practices of the LAP Line areas. The source of the information presented in this section is a report 
describing solid waste management units (SWMUs) performed by AT. Kearney and Geo/Resource 
Consultants (USEPA, 1986b); personal communication with Bill Blaylock, Martin Marietta, on April 10,1991; 
and a reference manual on military explosives (U.S. Department of the Army, 1984). 

2.3.1.1 Line A. LAP Line A has been operated since 1941. Past activities included the 
renovation of 60-mm mortar rounds, loading fuzes, press loading of 40-mm rounds, and rocket assembly. 
The explosives handled at this line include Amatol (a mixture of 2,4,6-trinitrotoluene (2,4,6-TNT) and 
ammonium nitrate), Composition B (a mixture of 2,4,6-TNT and cyclotrimethylenetrinitramine (RDX), and 
N-methyl-N,2,4,6-tetranitroanaline (tetryl)). Past practices include wastewater discharges to sumps and 
from the sumps to surface drainage ways. Also included was occasional wash down of the entire 
assembly line with water. Line wastewater is presently discharged to a IWWTF. This area was 
investigated because past practices may have caused soil, drainage way, and groundwater contamination. 
There are four sumps at Line A. 

2.3.1.2 Line B. Line B has been in operation since 1941. Past activities have included: the 
renovation of high explosive rocket and artillery rounds; demilitarization of high explosive 37-mm, 40-mm 
and 75-mm rounds; disassembly of 40-mm shells and 4.5-inch rockets; assembly and loading of various 
artillery shells; production of 4.5-inch rockets; and segregation and handling of cordite. The explosives 
loaded at this line include Composition A (a mixture of RDX and a desensitizer, such as beeswax or a 
synthetic wax) and Composition B. Currently, plastic-bonded explosives are extruded and dried at Line 
B. These explosives are mixtures of RDX, polystyrene, and Di-N-octyl phthalate. Past practices included 
wastewater discharges to sumps and from sumps to surface drainage ways. Also included was 
occasional wash down of the entire facility with water. Line wastewater is presently discharged to a 
IWWTF. This area was investigated because past practices may have caused soil, drainage way, and 
groundwater contamination. There are three sumps currently in place and an additional sump which has 
been closed. 

2.3.1.3 LlneC. Line C operated from 1941 until the 1970s. Past activities included the use of 
a melt/pour operation, renovation of rockets, the loading of mortar and rockets, and the disassembly of 
howitzer shells. Amatol and Composition B were loaded at this line. It is possible that Composition A was 
also used. Past practices included wastewater discharges to sumps and from sumps to surface drainage 
ways. Also included was occasional wash down of the entire facility with water. If the line is reactivated, 
wastewater will be discharged to the IWWTF. An X-ray facility existed previously at this line. This area 
was investigated because past practices may have caused soil, drainage way, and groundwater 
contamination. There are seven sumps at Line C. 

2.3.1.4 Line D. Line has been in operation since 1941. Past activities included use of a 
melt/pour operation, the renovation of howitzer and mortar shells, and the loading of howitzer shells. 
Amatol and Composition B were loaded at this line. It is possible that Composition A was also used. Past 
practices included wastewater discharges to sumps and from sumps to surface drainage ways. Also 
included was occasional wash down of the entire facility with water. If the line is reactivated, wastewater 
will be discharged to a IWWTF. The melt/pour portion of the line is on standby. Some conventional 
munitions are being assembled in the D-Line area, and Dupont sheeting, a plastic-bonded explosive, is 
currently being cut into sheets. A former photographic lab and x-ray facility may have discharged spent 
solutions to surface drainage ditches. This area was investigated because past practices may have 
caused soil, drainage way, and groundwater contamination.   There are four sumps at Line D. 
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2.3.1.5 LlneE. Line E operated from 1941 until the 1970s. Past activities included the assembly 
of fuzes, booster leads, and the blending and pelletizing of tetryl. Prior to the Vietnam War, the fuzes were 
made of tetryl. After the Vietnam War, Composition A5 was used, which is a mixture of RDX and barium 
stearate. The facility was operated as a dry line, although past practices may have included discharges 
to a sump or drainage ditch. The site is presently on standby status. One sump at Line E was 
investigated during the Rl. 

2.3.1.6 Line K. Although Line K was not investigated during the Rl, groundwater sampling and 
analysis of wells downgradient from this area indicated that Line K may be a source of metal 
contamination. To determine if Line K is a source of groundwater contamination, facility personnel were 
interviewed to determine what operations had been performed in this area. The information gathered from 
these interviews is presented in this section. 

Line K has been used for both metal parts production and munitions production. Both activities 
are currently inactive and the line is now being used as a storage area. According to Thomas Allen 
(personal communication, 1991), a retired MAAP employee who previously supervised the work at K-Line, 
metal plating operations were performed in Building K-50. These plating operations continued until about 
10 or 15 years ago. Both zinc chromate electrolytic plating and cadmium electrolytic plating processes 
were used, and both of these processes were cyanide-based. The main plating tank had a capacity of 
33,000 gallons, so it appears that metal plating was a large-scale operation. 

Wastewater from the plating processes was treated to convert hexavalent chromium to trivalent 
chromium. The pH was adjusted with sulfuric acid and the cyanide was neutralized to reduce the toxicity 
of the wastewater. The water was then discharged to the nearby drainage ditch. A pond located in K- 
Line was used as part of the treatment system, and probably provided the volume needed for settling of 
solids and neutralization. This pond was closed a number of years ago. According to Bill Blaylock of 
MAAP (personal communication, 1991), the soil was tested for contamination and then disposed of at an 
unknown location. There are no written records of sampling data. 

Sludge from the plating process was generated periodically when the process tanks were cleaned. 
This sludge was loaded onto rail cars. Mr. Allen does not know where the sludge was taken for disposal, 
but it is likely that the sludge was disposed of on site. Possibly, this occurred in the OBG/ADA areas 
where disposal and burial of other types of waste were common. 

Prior to 1946, ammonium nitrate was manufactured by facility personnel at K-Line for use in 
agricultural fertilizers. In 1946, a large explosion occurred which destroyed a building and killed several 
people. A release of ammonium nitrate occurred at this time. The production of ammonium nitrate was 
discontinued following the accident. 

In addition, an X-ray facility previously existed at Line K. 

2.3.1.7 Line O. Line O has been in operation since 1941. Line O is a conventional 
demilitarization facility constructed to remove explosives from bombs and projectiles by injecting a high 
pressure stream of hot water and steam into the open cavity of the munitions to melt and wash out the 
explosives fill. Past practices included wastewater discharges from concrete sumps to the O-Line Ponds. 
Wastewater is presently piped from steel tanks set in concrete pits to the Line O IWWTF. There are three 
sumps at Line O. 

2.3.1.8 LlneX. Line X has been in operation since 1941. Past and present activities include the 
loading of mortar rounds, rockets, and fuzes; demilitarization of 20-mm and 37-mm munitions; renovation 
of fuzes; and production of mortar and artillery shells. Explosives loaded at this line include Amatol, 
Composition A5, Composition B, tetryl, and plastic-bonded explosives. Past practices included wastewater 
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discharges to sumps and from sumps to surface drainage ways. Also included was occasional wash 
down of the entire facility with water. This area was investigated because past practices may have caused 
soil, drainage way, and groundwater contamination. There are six sump locations at Line X. Two sumps 
have been closed. 

2.3.1.9 Line Z. Line 2 was in operation from 1941 to the late 1970s, and production resumed 
under a third party in 1993. Past production activities included the loading of fuzes. Both tetryl and 
Composition A5 have been used at this line. Past practices included wastewater discharges to sumps 
and from sumps to surface drainage ways. Also included was occasional wash down of the entire facility 
with water. This area was investigated because past practices may have caused soil, drainage way, and 
groundwater contamination. There are two sumps at Line Z. 

2.3.2 Closed Sanitary Landfill 

MAAP operated a landfill located between Line H and Line K, north of Highway 104, from the late 
1960s until 1974. This landfill was reportedly used as a general purpose disposal area for paper, 
construction material, and miscellaneous items including RDX-contaminated packing material. Disposal 
procedures included the excavation of trenches 8-10 feet deep, 15 feet wide, and 50-75 feet long. These 
trenches were then filled with inert material, compacted, then covered with soil. Natural topographic lows 
were utilized where possible. Trace levels of 2,4,6-TNT and 2,6-dinitrotoluene (2,6-DNT) and a higher level 
of RDX were detected in the soil during a contamination survey conducted by USAEC in 1982 (USAEC, 
1982). 

2.3.3 Former Borrow Pit (Construction Debris Pit) 

The former borrow pit is located directly south of Line H and immediately north of Highway 104. 
The pit is a former borrow area used to excavate sand for construction activities. MAAP has allowed the 
disposal of discarded building materials from base construction and renovation activities to occur in this 
pit. Currently, the former borrow pit contains ponded water. 

2.3.4 Description of Previous Investigations 

During the Rl, all sumps within each of the load lines were investigated by drilling a borehole on 
the downgradient side of the sump to a depth of 20 feet. Soil samples were collected at the surface and 
at each five foot interval. All samples were analyzed for explosives compounds and select metals 
(cadmium, chromium, mercury, and lead). In addition, approximately 10% of the samples were analyzed 
for volatile organic compounds (VOCs), semivolatile compounds, explosives, and Target Analyte List (TAL) 
metals. 

In addition, a more in-depth study of Line B was conducted in mid-1994. As part of this study, 
more than 300 surface soil samples were collected in suspected contaminated areas (outside doors in 
which washout occurred, near sumps, and near ditches). These surface soil samples were analyzed in 
the field using immunoassay test kits for 2,4,6-TNT and RDX. Because near real-time results could be 
obtained using the test kits, sampling proceeded in each suspected contaminated area until contaminant 
contour lines could be established around each contaminated area, including the non-detect line. 

The immunoassay test kit for 2,4,6-TNT actually measures the sum of the concentrations of 2,4,6- 
TNT, 1,3,5-trinitrobenzene (1,3,5-TNB), 2,4-dinitrotoluene (2,4-DNT), tetryl, and 2-Amino-4,6-Dinitrotoluene 
(2-A-4.6-DNT). The method detection limit for this test kit is approximately 1 pg/g in soil. 
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The immunoassay test kit for RDX measures the sum of the concentrations of RDX and 
cyclotetramethylenetetranitroamine (HMX). The method detection limit for this test kit is also approximately 
1 /L/g/g in soil. 

The distribution of contaminants within Line B is most likely representative of the other load lines 
because at various times, melt-pour and pressing activities have taken place within this line. Line B has 
operated since 1941, and has been one of the most active lines. Therefore, the general conclusions 
drawn from data collected at Line B will be used in the overall risk assessment for the northern industrial 
areas. 

2.3.5 Contaminants Detected In Soil Samples 

During the Rl, approximately 10% of all soil samples were analyzed for target compound list (TCL) 
VOCs, base/neutral-acid extractable compounds, and TAL metals, as well as the explosives compounds. 
For all suspected source areas investigated within the northern industrial areas, the chemical data indicate 
that no organic or inorganic analytes other than explosives compounds have been detected in soil at 
levels of concern. In addition, other organic compounds have not been detected in soil samples in which 
explosives compounds are not also present. 

Explosives compounds have been detected at maximum levels of approximately 10,000/;g/g (in 
a surface soil sample collected from Line B). However, very few samples collected at MAAP contain total 
explosives compounds above 100 fig/g. 

As expected from the history of the facility, the major explosives compounds detected in soil 
samples are 2,4,6-TNT and RDX. These two explosives compounds account for approximately 95% of 
the total mass of explosives compounds detected in soil. The following patterns have also been noted 
from the data: 

At certain load lines and sumps, tetryl has been detected in the absence of 2,4,6-TNT and 
RDX. This has occurred at Line E and specific buildings within Lines A and Z. This is 
due to the fact that tetryl was loaded into fuzes within these areas. 

The breakdown products and/or manufacturing contaminants of 2,4,6-TNT include 1,3,5- 
TNB, 1,3-dinitrobenzene (1,3-DNB), nitrobenzene, 2,4-DNT, and 2,6-DNT. These 
compounds are frequently detected in samples in which 2,4,6-TNT is also detected. In 
general, these compounds have not been detected at concentrations exceeding 5% of 
the concentration of 2,4,6-TNT detected in the same sample. 

The manufacturing byproduct of RDX detected at MAAP is HMX (which is also a primary 
explosive but has not been loaded at MAAP). In general, HMX has not been detected at 
a concentration exceeding 5% of the concentration of RDX. 

2.3.5.1   Distribution of Explosives Compounds with Depth.   The means by which soil has 
become contaminated with explosives compounds at MAAP include the following: 

Washout of buildings. In the past, buildings in which large amounts of explosives 
compounds have been handled (such as through mett/pour operations) have been 
cleaned through use of a high-pressure water spray. This water was allowed to run out 
the doors and onto the ground. 

Use of sumps. Industrial wastewater has been directed to sumps, where the bulk of the 
explosives compounds would settle out and the water would continue to ditches 
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(presently, all water is directed into a IWWTF prior to discharge). In cases where the 
sump leaked or was allowed to overflow during rain events, wastewater entered the 
environment. 

• Use of unlined drainagewavs for discharge of water. Prior to construction of the IWWTFs 
in 1981, wastewater was allowed to flow from the sumps to larger drainage ditches 
through unlined drainageways. 

All of the above methods resulted in the application of contaminated wastewater to surface soil and 
resulting leaching through the vadose zone. From this information, it is apparent that the bulk of the 
contamination would occur in the near-surface layers and would attenuate with depth. The chemical data 
collected during the Rl is in agreement with this premise. In general, the concentration of total explosives 
compounds decreases at approximately the rate of 1 order of magnitude for every 5 feet of depth. 

2.3.5.2 Estimate of Fraction of Northern Industrial Areas that is Contaminated. The surface 
soil sampling program conducted at Line B consisted of the collection of more than 300 soil samples from 
areas that were suspected to have become contaminated. Surface soil samples were collected from 
areas outside of all buildings in which explosives have been directly handled, around all sumps and 
drywells, and in the drainageways that run from the sumps to the drainage ditches. As stated previously, 
MAAP facility personnel believe that the level of contamination at Line B is most likely representative of 
the level of contamination at other load lines because of the similarity of operations at Line B to those 
within other load lines. 

The soil sampling and analysis was conducted to establish lines of non-detection around each 
suspected source area to allow estimation of the total area within Line B that is contaminated. The 
information collected from Line B indicates that the total area within Line B that contains explosives 
compounds above the method detection limit of approximately 1 //g/g is approximately 0.1% of the total 
area. 

2.3.6 Conclusions 

The following general conclusions may be drawn from the information presented above: 

The primary explosives compounds detected in soil samples collected from the northern 
industrial areas of MAAP are 2,4,6-TNT and RDX. With the exception of those areas in 
which tetryl has been the predominant explosives compound, the other explosives 
compounds have been detected at approximately 5% of the concentration of these 
primary explosives compounds, or lower. 

In general, the surface soil contains the highest concentration of explosives compounds 
as compared to subsurface soil samples collected at the same location. The rate at 
which the concentration of explosives compounds decreases with depth is approximately 
1 order of magnitude in concentration per 5 feet of depth. 

The fraction of the total area of a load line that is contaminated has been estimated to be 
approximately 0.1%. 
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3.0       REMEDIAL ACTION OBJECTIVES 

The remedial action objectives for soil at the northern industrial areas of MAAP are presented in 
this section. These objectives are specific to explosives-contaminated soil at the northern industrial areas 
and have been developed to ensure that attainment of these goals will result in the short- and long-term 
protection of human health and the environment. The remedial action objectives focus on the exposure 
pathways of concern, which are identified below. Thus, the contaminants of concern, the potential 
exposure routes and receptors, and the acceptable contaminant level for each exposure route are 
addressed in this analysis. Remedial action objectives also consider the following criteria: 

• Whether the remediation goals for all carcinogens of concern provide protection within the risk 
range of 1x10"* to 1x10"6; 

• Whether the remediation goals set for all noncarcinogens of concern are sufficiently protective; 

• Whether environmental effects are adequately addressed; and 

• Whether the exposure analysis adequately addresses each human exposure pathway of concern. 

For this Focused FS of soil treatment alternatives, the contaminants of concern are the explosives 
compounds. There are no chemical-specific applicable or relevant and appropriate requirements (ARARs) 
for these compounds. Risk assessment has been used to calculate the level at which soil remediation 
should take place to reduce the residual risk to within the USEPA's target risk range of IxlO"4 to 1x10'6. 
For all remedial options under consideration for soil within the northern industrial areas, the action-specific 
and location-specific ARARs and to-be-considered (TBC) guidance are presented in this section. 

This section is divided into three parts, as follows: 

• The rationale behind use of immunoassay test kits or colorimetric (Meizenheimer ion) methods 
is presented. Use of these methods would allow development of risk-based remediation levels 
based on the carcinogenicity/toxicity information for the primary explosives compounds 2,4,6-TNT 
and RDX. Approval of this method would simplify and expedite both the development of remedial 
action objectives and the sampling needed for delineation of contaminated areas. 

• Exposure pathways have been identified and risk-based cleanup levels have been developed for 
the northern industrial area soil. 

• Finally, the location-specific and action-specific ARARs for explosives-contaminated soil in the 
northern industrial areas are presented and discussed. 

3.1        RATIONALE   FOR   USE   OF   IMMUNOASSAY  TEST  KITS   OR   RAPID   COLORIMETRIC 
(MEIZENHEIMER ION) METHODS FOR INVESTIGATION AND CONFIRMATORY SAMPLING 

The purpose of this Focused FS is to develop and present potential methods for the remediation 
of explosives-contaminated soil in the northern industrial areas. During the Rl, approximately 115 soil 
samples were collected from surface and subsurface immediately downgradient of each of the wastewater 
sumps in the load lines, and numerous soil samples have been collected from the other suspected source 
areas in the Northern Industrial Area. In addition, approximately 300 soil samples were collected from Line 
B during the 1994 investigation of this load line. These data have been used to develop a conceptual 
model of the distribution of contaminants in soil. Because so much data are available for the purpose of 
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developing a workable model, there is currently the potential to develop a plan for identifying areas that 
require remediation that is both efficient and cost-effective. 

All of the soil samples collected to date indicate that the major contaminants of concern are the 
explosives compounds. During the Rl of MAAP, surface and subsurface soil samples were collected 
immediately downgradient of each sump in all of the load lines. All soil samples were analyzed for 
explosives and select metals (Cd, Cr, Pb, Hg), and approximately 50% of the soil samples were analyzed 
for volatile organic compounds, semivolatile organic compounds, TAL inorganics, and explosives 
compounds. As discussed in more detail in Section 3.2.1, the detected inorganic analytes exceeded 
background levels infrequently and by relatively small margins. Three PAH compounds were detected 
in one subsurface sample at concentrations less than 0.2 /jg/g. The source of these PAH compounds 
may be exhaust from vehicles, the drill rig, or gasoline-powered generators. Acetone, 1,2- 
epoxycyclohexene, trichlorofluoromethane, and 2-propanol were detected in approximately 5 samples (out 
of 115 samples) at levels just above their respective CRLs. Several of these organic compounds are 
common laboratory or transportation contaminants, and 2-propanol was used in equipment 
decontamination. Although phthalates were used in several of the load lines, these compounds were not 
detected in the soil. 

In the human health risk assessment for the Rl, the risk associated with human exposure to both 
surface soil and subsurface soil was qualitatively evaluated. The organic compounds (other than the 
explosives compounds) were detected infrequently and at levels far lower than the concentrations of the 
explosives compounds. The inorganic analytes exceeded the background levels infrequently and also 
by a small relative amount. Because the areas near the sumps are either paved or vegetated and workers 
do not generally enter these areas, the potential risk associated with the contaminants in these areas was 
evaluated as being too low to warrant quantitative evaluation. 

Because the sumps received the majority of the wastewater generated at MAAP, and because the 
soil samples collected immediately downgradient of the sumps do not contain contaminants at levels 
above background (for inorganics) or significantly above their respective Certified Reporting Limit (CRL) 
(for non-explosive organic compounds), soil in the areas remote to the sumps is not expected to contain 
these contaminants at levels of concern. 

The areas of contaminated soil within the load lines are limited to isolated spots centered around 
the wastewater sumps, outside the doorways of select buildings, and near personnel walkways. The total 
area of contaminated soil has been estimated to be approximately 0.1% of the total load line area, and 
this fraction is composed of a number of small areas. Because of the small size of the areas with 
contaminated soil, only negligible isolated ecological impacts could occur. Also, even if contaminants 
leach to groundwater, the groundwater does not discharge to surface water. Therefore, potential aquatic 
impacts also are considered to be negligible. 

Based on the above, the explosives compounds are identified as being the contaminants for which 
remediation of the soil should occur. Because the areas of explosives-contaminated soil have not yet 
been defined, there is a large amount of sampling and analysis remaining to be performed. To reduce 
the costs associated with these efforts, use of the immunoassay methods or rapid colorimetric 
(Meizenheimer ion) methods are proposed. The advantages of using either the immunoassay test kits 
or the rapid colorimetric methods (Meizenheimer ion) are the following: 

These methods are far less costly than use of the standard High Performance Liquid 
Chromatography (HPLC) method for explosives compounds analysis, so a much larger number 
of samples could be taken for the same cost; 
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• The methods are quick-turnaround, so samplers could quickly adjust to the data (e.g., extend the 
sampling in the directions in which the levels of explosives compounds are higher than the 
remediation levels and terminate sampling in directions in which explosives compounds are lower 
than the remediation levels). 

• The quantitation limits of both the immunoassay methods and the colorimetric (Meizenheimer ion) 
methods are approximately 1 /ig/g for both of the primary compounds. Provided that the risk- 
based remediation levels are higher than these quantitation limits, these methods can be used. 
The test kits for 2,4,6-TNT-related compounds provides quantitation of the sum of the 
concentrations of 2,4,6-TNT, 1,3,5-TNB, 1,3-DNB, 2,4-DNT, tetryl, and 2-amino-4,6-DNT. The RDX 
kit provides quantitation of the sum of the concentrations of RDX and HMX. 

The rationale for use of these field screening methods is presented below. 

3.1.1 Distribution of Explosives Compounds In Soil 

The information presented in Section 2.0 regarding the primary explosives compounds at MAAP 
(2,4,6-TNT and RDX) and the relative concentrations of the breakdown products and/or manufacturing 
contaminants indicates that approximately 95% of the total mass of explosives compounds present in soil 
at MAAP are the primary explosives compounds. The secondary explosives compounds, if they are 
present at all in soil, have been detected at levels of approximately 5% of the concentration of 2,4,6-TNT 
and RDX. 

The secondary explosives compounds associated with 2,4,6-TNT are 1,3,5-TNB, 2,4-DNT, 2,6-DNT, 
nitrobenzene, and 1,3-DNB. The secondary explosives compound associated with RDX is HMX. 

3.1.2 Toxlcrty of Explosives Compounds 

The primary explosives compounds (2,4,6-TNT and RDX) are both noncarcinogens and Class C 
carcinogens. With the exception of 2,4-DNT and 2,6-DNT, the mixture of which is a probable carcinogen, 
the secondary explosives compounds are noncarcinogens. The Reference Doses (RfD) and Cancer Slope 
Factors (CSF) for the explosives compounds are listed in Table 3-1. 

The RfD and CSF values in Table 3-1 indicate the following: 

2,4,6-TNT and RDX have both an RfD and CSF, so both carcinogenic and noncarcinogenic effects 
can be estimated for these compounds. 

The secondary explosives compounds associated with 2,4,6-TNT have a wide range in RfDs and 
CSFs, with some displaying more severe toxic/carcinogenic effects and some displaying less 
toxic/carcinogenic effects. 

• HMX is not a carcinogen. Also, its noncarcinogenic effects are less than those of RDX. 

Because the primary explosives compounds account for approximately 95% of the total mass of 
explosives compounds in soil at MAAP, use of the toxic/carcinogenic data for 2,4,6-TNT and RDX for the 
following groupings of compounds would provide reasonably accurate risk estimates: 

The sum of 2,4,6-TNT, 1,3,5-TNB, 1,3-DNB, 2,4-DNT, and tetryl; and 

The sum of RDX and HMX. 
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As a check on the applicability of the 2,4,6-TNT and RDX RfDs and CSFs to remediation of the 
MAAP Northern Industrial soil, the following additional calculations were performed: 

• First, it was assumed that 95% of the sum of the 2,4,6-TNT-related compounds is due to 2,4,6-TNT 
and 5% is composed of the remaining 2,4,6-TNT-related compounds. Further, if it is assumed that 
2.5% of the total concentration of 2,4,6-TNT-related compounds is 2,4-DNT, then the resulting 
increase in risk can be estimated. The carcinogenic risk would be increased by approximately 
5%. 

• If 2.5% of the total concentration of 2,4,6-TNT-related compounds is due to the presence of 1,3,5- 
TNB, then the hazard index would exceed one. However, the target organ for 1,3,5-TNB (spleen) 
differs from that of 2,4,6-TNT (liver), and the uncertainty factor for 1,3,5-TNB is much larger than 
that used for 2,4,6-TNT because of the limited data used in deriving the RfD. 

Because the RfD for HMX is larger than the RfD for RDX, the assumption that any fraction of RDX- 
related compounds is due to the presence of HMX reduces the hazard index for the sum of RDX- 
related compounds. 

Therefore, use of either the immunoassay test kits or the colorimetric (Meizenheimer ion) rapid 
screening methods would be appropriate for use in investigation and confirmatory sampling of soil. Use 
of these methods would greatly reduce the analytical costs associated with the project and would yield 
data of sufficient representativeness to be used in delineating those areas of soil contamination which 
should be remediated. 

The calculation of risk-based soil cleanup levels presented below therefore focuses on the risks 
and adverse effects of RDX and 2,4,6-TNT. Tetryl will also be evaluated separately because it has been 
used extensively at the fuze load lines. 

3.2       DEVELOPMENT OF RISK-BASED SOIL CLEANUP LEVELS 

This evaluation has been prepared to identify potential exposure pathways and to derive clean-up 
levels for soil in the northern industrial areas of MAAP. These soil clean-up levels are designed to be 
protective of exposures via potentially complete current and future pathways. The soil clean-up levels for 
each pathway evaluated will be compared and the most conservative level will be proposed for use as 
the remediation level. The methodology used in deriving clean-up levels for soil followed relevant 
guidance and standards developed by the United States Environmental Protection Agency (USEPA1986a, 
1989a,b, 1991, and 1992a,b). 

The soil clean-up levels were derived only for areas of probable contamination around historically 
active areas of the load lines. Only human receptors were considered in this evaluation, as ecological 
impacts associated with soil in the northern industrial areas are not considered to be significant. As 
described in Section 3.2.2.4, only negligible isolated ecological impacts associated with contaminated soil 
would be expected to occur in the northern industrial portions of MAAP. As a result, clean-up levels were 
developed assuming that humans would be the principal receptors to chemicals of potential concern. 

The remainder of this section is organized as follows: 

Section 3.2.1 Identification of Chemicals of Potential Concern. The principal chemicals 
of potential concern in soil are identified and the basis of their selection is discussed. 
Chemicals of potential concern are selected for further evaluation based on a review of 
historical waste disposal activities and on an evaluation of previous sampling data. 
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Section 3.2.2 Exposure Assessment. The potential pathways by which human receptors 
may be exposed to chemicals of potential concern in soil and other media that may be 
affected by the contaminants in soil are discussed; exposure pathways and potential 
receptors are then selected for evaluation. Assumptions are made for the magnitude, 
frequency, and duration of exposure for selected receptors in the northern industrial areas 
at MAAP. An ecological exposure assessment also is presented, in which potential 
ecological receptors and the suitability of the northern industrial areas as ecological 
habitat are discussed. 

Section 3.2.3 Toxicitv Assessment. The potential toxicity of chemicals to humans and 
the range of toxic effects for each chemical of potential concern are described and the 
chemical-specific health effects criteria to be used in the quantitative assessment are 
presented. 

Section 3.2.4 Derivation of Remediation Levels. Clean-up levels in soil are derived for all 
receptors of concern by combining toxicity criteria and relevant exposure parameters. 

Section 3.2.5 Uncertainty Section. This section summarizes the uncertainties inherent in 
using risk assessment methodologies to derive clean-up levels for soil. 

Section 3.2.6 Conclusions. The conclusions of the report are presented. 

3.2.1  Selection of Chemicals of Potential Concern 

This section discusses the identification and selection of chemicals of potential concern in the 
northern industrial areas of MAAP. This information, which was presented earlier in Section 3.1, is based 
on a knowledge of historical waste disposal activities and on the results of soil sampling that was 
conducted in the areas of concern. The previous sampling results indicate that the areas of contaminated 
soil within the load lines of the industrial areas are limited to isolated spots located around the wastewater 
sumps, outside the doorways of select buildings, and near personnel walkways. The total area of 
contaminated soil has been estimated to be approximately 0.1% of the total load line area, and this 
fraction is composed of a number of small areas. 

All of the soil sampling performed to date indicates that the major contaminants of concern are 
explosives compounds. All soil samples have been analyzed for explosives compounds and select metals 
(Cd, Cr, Pb, and Hg), and approximately 50% of the soil samples were analyzed for volatile organic 
compounds, semivolatiles, and TAL inorganics. An examination of the sampling data indicates that the 
non-explosive organic compounds were detected infrequently and at levels far lower than the 
concentrations of the explosives compounds. The detected inorganic analytes exceeded background 
levels infrequently and by relatively small margins. Of the 96 soil samples from the sumps within the load 
lines, cadmium, cobalt, mercury, nickel, silver, vanadium, and zinc exceeded two times the background 
concentration only once each (the background concentrations used in this analysis are those in the Rl 
Report, December, 1991). These exceedances are widely distributed in depth and among the load lines, 
and appear to be unrelated to manufacturing or disposal activities. 

Where the chemical concentrations in the load lines exceeded respective background 
concentrations, the maximum load line concentrations were compared to health-based levels to determine 
whether exposures to the chemical could result in adverse impacts, and therefore should be carried 
through this remediation goal evaluation. The health-based levels used for this comparison were risk- 
based concentrations (RBCs) developed by USEPA Region III, which are screening levels to be used in 
the initial stages of a risk assessment when selecting chemicals for quantitative evaluation. The soil RBCs 
are designed to be protective of human health, and are based on conservative exposure assumptions for 
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industrial workers. Back-calculated from a risk of one-in-one million (IxlO"6) for carcinogenic chemicals 
and a hazard index of 1.0 for noncarcinogenic chemicals, these are concentrations below which adverse 
health effects would not be expected to occur as a result of exposures to the medium (i.e., chemicals 
present in soil below these concentrations are not carried though the quantitative evaluation, because 
risks associated with these chemicals would not be of concern with respect to potential health). 

Six samples exceed the level of two times the background concentration for arsenic. The highest 
concentration detected in soil, 14 fjgfg, was higher than its industrial RBC of 1.6/jg/g. The 1.6/ug/g RBC 
for arsenic is based on worker exposures to soil, and conservatively assumes that a worker incidentally 
ingests soil 250 days per year for 25 years. Because such frequent contact with soils is not likely, and 
because arsenic exceeded the RBC at only 6 locations, arsenic at the load lines is not considered to be 
of concern. In addition, the toxicity criteria for arsenic is considered to be overly conservative and 
associated with great uncertainty.1 As a result, arsenic's RBC (i.e., a health-protective value) would likely 
be greater than 1.6 /jg/g if more appropriate toxicity criteria were developed. The only potential source 
of arsenic at the site is the use of arsenicals as herbicides, thus any arsenic that is present above 
background levels is likely due to the past use of herbicides. For manganese, 6 samples exceed the level 
of 2 times the background concentration; the highest concentration detected in soil is 2,800 pg/g, which 
is less than the RBC for worker exposure of 5,100 jjg/g. From the site manufacturing history, there is no 
reason to suspect that use or disposal of manganese occurred at the site. 

Based on this information, explosives compounds have been identified as the principal chemicals 
of potential concern in these industrial areas of MAAP. Specifically, 2,4,6-TNT, 1,3,5-TNB, 1,3-DNB, 2,4- 
DNT, 2,6-DNT, tetryl, RDX, HMX, and nitrobenzene have been detected in soil and groundwater. However, 
based on an understanding of the sampling data and the transport of the explosives compounds to 
subsurface soil and groundwater, it appears that 2,4,6-TNT and RDX were detected most consistently in 
these media and in greatest concentrations. Tetryl has also been detected at the fuze lines. These three 
explosives are considered to be the predominant explosives compounds in the northern industrial areas, 
and concentrations of other explosives compounds are typically found to be below levels of concern with 
respect to human health. Accordingly, soil clean-up levels will be determined for these three explosives 
compounds. 

During the excavation of the soil, some of samples will be analyzed for the entire suite of Target 
Compound List (TCL), Target Analyte List (TAL) chemicals, and explosives compounds, both to confirm 
the results of the colorimetric analyses and also to determine whether significant levels of other chemicals 
may be present. If other chemicals of potential concern are detected in the confirmatory samples, the 
methodology described in this RA to develop remediation goals is not considered appropriate to use, and 
additional analyses may need to be conducted to determine the appropriate clean-up levels of the 
chemicals of concern. 

In summary, based on a historical knowledge about waste disposal in the load line areas and on 
previous sampling in the northern industrial areas of MAAP, 2,4,6-TNT, RDX, and tetryl were considered 
to be the principal compounds of potential concern for which clean-up goals were derived. The following 

The carcinogenicity of ingested inorganic arsenic is a matter of controversy and there are several sources of 
uncertainty regarding arsenic's carcinogenic potency, including the fact that the dose-response curve may be less than 
linear causing the slope factor to overestimate risk at lower doses and that arsenic may be an essential human nutrient 
(USEPA1988). Also, a 1988 memorandum from the Administrator of the USEPA cited in IRIS (1994) regarding arsenic 
stated that "risk managers must recognize and consider the qualities and uncertainties of risk estimates. The uncertain- 
ties associated with ingested inorganic arsenic are such that estimates could be modified downwards as much as an 
order of magnitude, relative to risk estimates associated with most other carcinogens." 
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section, Exposure Assessment, discusses the potential pathways through which receptors could be 
exposed to these three explosives compounds. 

3.2.2 Exposure Assessment 

This section discusses the potential for human health and ecological exposures at the northern 
industrial areas of MAAP. Human receptors in these areas and their potential routes of exposure are first 
presented. This is followed by a discussion on the potential routes of exposure for ecological receptors 
in these northern industrial areas. 

3.2.2.1 Human Exposure Assessment. In this section, the potential pathways by which 
individuals may be exposed to the explosives compounds of concern in soil are identified. Potential 
pathways associated with other media that may be affected by the contamination in the soil (i.e., 
groundwater) are also identified. This information will be the basis for calculating clean-up levels for the 
receptors who may be exposed to contaminants of potential concern. Although clean-up levels for all 
selected exposure pathways will be calculated, the most conservative (i.e., health protective) clean-up 
levels in soil will be selected for remediation purposes. 

An exposure pathway, which describes the course a chemical takes from the source to the 
exposed individual, is defined by four elements: 

• A source and mechanism of chemical release to the environment; 

An environmental transport medium (e.g., groundwater, soil) for the released 
chemical; 

• A point of potential contact with the contaminated medium (referred to as the 
exposure point); and 

• An exposure route (e.g., ingestion) at the contact point. 

An exposure pathway is considered complete only if all four elements are present, and only complete 
exposure pathways are quantitatively evaluated. 

When conducting an exposure assessment, USEPA (1989a, 1991) guidance requires that 
plausible exposures under both current and future land-use scenarios be evaluated. The current land-use 
scenario assumes conditions as they currently exist, while the future land-use scenario evaluates 
conditions that may be associated with probable changes in site use, assuming no remedial action 
occurs. 

3.2.2.2 Potential Exposure Pathways Under Current Land-Use Conditions. The potential 
exposure pathways through which human receptors could be exposed to contamination resulting from 
past activities along the load lines and sumps are discussed below for current land-use conditions. Table 
3-2 summarizes this analysis, indicating the exposure media, source and release mechanisms, potential 
receptors, and exposure routes. This table also indicates whether the pathway is potentially complete, 
and identifies those pathways for which clean-up levels will be calculated. 

Surface Soil. As noted above, the principal areas of explosives contamination in soil are located 
in the vicinity of buildings where the explosives compounds were loaded and packaged, and around 
sumps. Thus, under current land-use scenarios, workers who come into contact with these soil may be 
exposed to the explosives contamination. Although routine worker activities are likely to be very limited 
to the buildings in which they work, it is nevertheless possible that workers who work inside the buildings 
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as well as maintenance workers who investigate potential environmental releases could be exposed to 
surface soil on a routine basis. Workers who mow and conduct lawn maintenance work around the 
buildings also could be exposed to surface soil; however, their exposures would be primarily in grassy 
areas farther away from the buildings, and on a less frequent basis. Based on the industrial worker being 
a potential receptor in the load line area, clean-up levels based on a worker's contact with soil (i.e., 
incidental ingestion and dermal absorption of chemicals in soil) were calculated. 

Trespassers who enter the site may also be exposed to contaminants in surface soil. All of the 
load lines and other industrial areas are fenced, limiting potential access by trespassers. However, even 
if trespassers were to come on site, their exposure would be much less frequent than a worker's 
exposures (both in the exposure frequency [number of days per year exposed] as well as the exposure 
duration [number of years exposed]). Therefore, exposures and associated clean-up levels for surface 
soil by trespassers were not considered in this assessment because clean-up levels calculated for workers 
were assumed to also be protective of trespassers. 

Subsurface Soil. Subsurface soil is likely to be contacted only if excavation activities are 
performed. Excavation or other intrusive activities are not expected in the northern industrial areas under 
current land-use conditions; therefore, exposures to subsurface soil are unlikely to occur under current 
land-use conditions, and clean-up levels associated with an excavation scenario were not calculated. 

Groundwater. Contaminants in soil may leach into the groundwater below the load lines and 
receptors who drink or dermally contact this groundwater may be exposed. Groundwater from the 
contaminated portions of the northern industrial areas of MAAP is not currently used as a drinking water 
source or for any other purpose by either on- or off-site individuals. Rather, personnel working at MAAP 
obtain their drinking water from production wells in uncontaminated areas (Areas S and T). As a result, 
there are no complete pathways associated with exposure to chemicals of potential concern in 
groundwater, and soil clean-up levels for the protection of groundwater were not calculated for any 
groundwater receptors under current land-use conditions. 

A|r. Inhalation exposures to chemicals of concern could result from the transport of chemicals 
on dust particles by wind entrainment and from the volatilization of chemicals from surface soil or 
groundwater. Migration of chemicals by wind entrainment of dust particles is not considered to be a 
significant transport process in most areas of contamination in the northern industrial portion of MAAP, 
as the areas are typically vegetated and/or paved. Because VOCs are not chemicals of potential concern 
in soil or groundwater, inhalation of volatilized chemicals is not a complete pathway in the areas of 
concern. The explosives compounds of concern, 2,4,6-TNT, RDX, and tetryl have very low vapor 
pressures of 5.5x10"6, 4.03x10"9, and 5.69x10"9 torr at 25° C, respectively, so volatilization will not occur 
at levels of concern. 

Summary of Pathways Selected for Evaluation Under Current Land-Use Conditions. In 
summary, based on current activities in the northern industrial areas at MAAP, clean-up levels were 
calculated to be protective of incidental ingestion and dermal absorption of chemicals in surface soil by 
an industrial worker. 

3.2.2.3 Potential Exposure Pathways Under Future Land-Use Conditions. Due to the industrial 
nature of the northern load line areas at MAAP, the industrial areas that were considered for evaluation 
in this assessment will most likely remain in their current industrial status rather than become developed 
for other uses in the future. This is consistent with the current usage of the load lines that have been 
excessed to date; these areas are now used for the manufacturing of furniture and ammunition containers. 
Nevertheless, for the purposes of this evaluation, it was conservatively assumed that a hypothetical 
resident actually could reside at the load lines at some point in the future.   For the purposes of this 
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evaluation, it was assumed that no remedial action would occur at the site prior to future industrial 
activities at the site. 

Table 3-3 summarizes the potential exposure pathway analysis under future land-use conditions, 
indicating the exposure media, source and release mechanisms, potential receptors, exposure route, and 
whether or not the pathway is potentially complete for chemicals at or originating from the industrial areas 
of concern. The only exposure pathways that were evaluated under future land-use conditions are those 
that are likely to change from the current land-use conditions. 

Surface Soil. Although the current industrial nature of the northern load lines will most likely 
remain the same in the future, for the purposes of this RA, it was assumed that residents could build a 
house and live in the load lines area. Therefore, clean-up levels based on a future resident's potential 
exposures to surface soil (i.e., via incidental ingestion and dermal absorption of chemicals in soil) were 
calculated. 

Subsurface Soil. Subsurface soil would be accessible for contact by workers performing 
excavation activities. Although no excavation activities are currently performed at the site, ground intrusive 
activities, such as excavation of soil for industrial development, for example, could occur. Excavation 
workers could be exposed to chemicals in subsurface soil via incidental ingestion and/or dermal 
absorption. It is unlikely that future residents who could live at the load lines would have contact with 
subsurface soils, thus clean-up levels associated with their potential exposures to subsurface soils were 
not calculated. In summary, only clean-up levels associated with an excavation worker's exposures to 
subsurface soils were calculated. 

Groundwater. As discussed for the current land use scenario, contaminants in soil may leach 
into groundwater below the load lines. Groundwater at MAAP is potable, so exposure to chemicals in 
groundwater could occur as a result of installation and use of a wells by future residents who could live 
at the load lines. Future residents could become exposed to the explosives compounds in the 
groundwater primarily via the ingestion pathway. As a result, soil clean-up levels designed to be 
protective of groundwater ingestion by future residents were developed. Ingestion of groundwater was 
assumed to be the predominant exposure pathway for future residents, as explosives compounds do not 
volatilize (thus inhalation while showering would not be of concern). Furthermore, exposures and 
associated risks via ingestion of RDX, 2,4,6-TNT, and tetryl in groundwater would be much greater than 
exposures and associated risks via dermal absorption of these chemicals while bathing. As a result, 
groundwater ingestion was the only pathway considered when developing soil clean-up levels protective 
of groundwater. 

In addition to potential future residential uses of groundwater, wells could be installed at the load 
lines to be used for industrial and domestic (e.g., cleaning and consumption) purposes. As a result, 
workers could be exposed to explosives compounds in groundwater via ingestion. However, because 
workers' exposures would most likely be much lower than those of residents, clean-up levels only for 
residents were calculated, since they also would be protective of potential future workers consuming 
groundwater. 

Ajr. As it is unlikely that future conditions at the site would result in greater generation of dusts 
at the site, the air pathway was not re-evaluated under future land-use conditions. 

Summary of Pathways Selected for Evaluation Under Potential Future Land-Use Conditions. 
As noted above, the evaluation of potential future exposure scenarios focused on exposure scenarios that 
may occur in the future, under different land-use conditions. Clean-up levels for soil were calculated to 
be protective of the following potential exposure pathways that could occur under future land-use 
conditions: 
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• 

• Incidental ingestion and dermal absorption of chemicals in surface soils by future 
residents; 

• Incidental ingestion and dermal absorption of chemicals in excavated subsurface 
soil by an excavation worker; and 

• Ingestion of groundwater by a future resident. 

3.2.2.4 Ecological Exposure Assessment. It is highly unlikely ecological resources would be 
adversely affected by explosives in the northern industrial areas of MAAP. As previously indicated, the 
principal areas of explosive contamination in soil are immediately adjacent to the buildings where 
explosives were loaded and packaged, and around the sumps. The habitat in these areas is comprised 
predominantly of mowed grasses and bare soil areas. Because of the highly disturbed nature and poor 
quality of the habitat around the buildings and sumps, very few ecological receptors are expected to 
occur and potentially be exposed to chemicals in these areas. Instead, the majority of wildlife on the 
northern area of MAAP are expected to occur in the less disturbed habitats surrounding the industrialized 
areas. More importantly, however, the total area of contaminated soil is estimated to be approximately 
0.1% of the total load line area, and even if ecological resources were to be exposed to explosives in 
these areas, it is highly unlikely that adverse effects would occur to ecological receptor 
populations/communities. 

3.2.3 Toxlclty Assessment 

The general methodology for the classification of health effects and the development of health 
effects criteria is described in Section 3.2.3.1 to provide the analytical framework for the characterization 
of human health impacts. In Section 3.2.3.2, the health effects criteria that are used to derive estimates 
of risk are presented, and the toxicity of the chemicals of potential concern is briefly discussed. These 
toxicity values are combined with dose information for the evaluated pathways to develop clean-up levels 
for relevant media of concern. 

The methodology used for classifying health effects from exposure to chemicals is recommended 
by USEPA (1986a, 1989a, 1993, 1994a,b). This health effects analysis considers chronic (long-term) 
exposures. The chronic toxicity criteria were obtained from USEPA's most recent Integrated Risk 
Information System (IRIS) and USEPA's Health Effects Assessment Summary Tables (HEAST). These are 
USEPA's recommended sources for chronic toxicity criteria, and the most recent dose-response values 
available are used in the assessment. 

3.2.3.1 Health Effects Classification and Criteria Development. For RA purposes, individual 
chemicals are separated into two categories of chemical toxicity depending on whether they exhibit princi- 
pally carcinogenic (cancer-causing) or noncarcinogenic effects. This distinction relates to the currently 
held scientific opinion that the mechanism of action for each category of health effects is different. For 
the purpose of assessing risks associated with potential carcinogens, USEPA has adopted the scientific 
policy position that a small number of molecular events can evoke changes in a single cell, or a small 
number of cells, which can then lead to tumor formation. This assumption can be described as a no- 
threshold model, because there is essentially no level of exposure (i.e., a threshold) to a carcinogen that 
will not result in some finite possibility of causing cancer. Another assumption stemming from USEPA's 
science policy is that the dose-response curve is linear at low doses. In reality, this curve can take many 
shapes depending on the exact biological mechanisms of action of a chemical. 

In the case of chemicals exhibiting noncarcinogenic effects, however, it is believed that organisms 
have repair and detoxification capabilities that must be exceeded (threshold) by some dose or agent 
before the health effect is manifested.   For example, an organ can have a large number of cells 
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performing the same or similar functions that must be significantly depleted before the effect on the organ 
is realized. This threshold view holds that a range of exposures from just above zero to some finite value 
can be tolerated by the organism without an appreciable risk of adverse effects. 

3.2.3.2 Health Effects Criteria for Potential Carcinogens. For chemicals exhibiting potential 
carcinogenic effects, USEPA's Carcinogen Assessment Group has estimated the excess lifetime cancer 
risks associated with various levels of exposure to potential human carcinogens by developing Cancer 
Slope Factors (CSFs) and Unit Risks (URs). CSFs describe the potential increase in an individual's risk 
of developing cancer over a 70-year lifetime per unit of intake or dose, where the unit of exposure is 
expressed in terms of reciprocal dose (mg chemical/kg body weight-day)"1. URs are expressed as either 
a reciprocal air concentration O./g/m3) , or as a drinking water concentration (/ig/L)"1. The derivation of 
UR values for either inhalation or drinking water exposures requires the use of specific (conservative) 
assumptions about exposure conditions and receptor behavior. Because regulatory efforts are generally 
geared to protect public health, including the most sensitive members of the population, the CSFs and 
URs are derived using very conservative assumptions. 

CSFs and URs are derived from the results of human epidemiological studies or chronic animal 
bioassays. The animal studies usually are conducted using relatively high doses to detect possible 
adverse effects in small numbers of experimental animals. Because humans are expected to be exposed 
to doses lower than those used in the animal studies, the data are adjusted by using mathematical 
models. The data from animal studies are typically fitted to the linearized multistage model to obtain a 
dose-response curve. After the data are fit to the dose-response model, the 95% upper confidence limit 
(95% UCL) of the slope of the low-dose portion of the dose-response curve is subjected to various 
adjustments, and an interspecies scaling factor is applied to derive the CSF for humans. This CSF value 
represents an upper 95% confidence limit on the probability of a response per unit of daily intake of a 
chemical over a lifetime (i.e., there is only a 5% chance that the probability of a response could be greater 
than the estimated value on the basis of the experimental data and model used). 

When the CSF is multiplied by the lifetime average daily dose (LADD) of a potential carcinogen 
(in mg/kg-day), or when the UR is multiplied by the inhalation exposure concentration of the potential 
carcinogen (in /ig/m3), the product is a lifetime individual cancer risk (or maximum probability of 
contracting, not dying from, cancer) associated with exposure at that dose. The risk estimate for a given 
level of set exposure assumptions is unlikely to be underestimated but it may very well be overestimated, 
due to the inherent conservativeness in the CSFs (i.e., they are upper-bound estimates). An individual 
risk level of one in one million (1x10"6), for example, represents an upper-bound probability of 0.0001% 
that an individual will develop cancer over his or her lifetime as a result of lifetime exposure to a potential 
carcinogen. By comparison, the average American's background risk of developing cancer is 
approximately one in three (i.e., 33% [American Cancer Society, 1992]), or 330,000 times higher than a 
one in one million risk level. 

USEPA assigns weight-of-evidence classifications to potential carcinogens. Under this system, 
chemicals are classified as either Group A, Group B1, Group B2, Group C, Group D, or Group E. The 
weight-of-evidence classification is an attempt to determine the likelihood that an agent is a human 
carcinogen; the classification thus affects the uncertainty associated with potential health risks, although 
it does not impact numerical potency (i.e., it does not affect the CSF or UR values). Three major factors 
are considered in characterizing the overall weight-of-evidence for carcinogenicity: (1) the quality of the 
evidence from human studies; (2) the quality of evidence from animal studies, which are combined into 
a characterization of the overall weight-of-evidence for human carcinogenicity; and (3) other supportive 
information that is assessed to determine whether the overall weight-of-evidence should be modified. 
USEPA's final classification of the overall evidence has five categories: 
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• Group A Chemicals (human carcinogens) are agents for which there is sufficient evidence 
from epidemiological studies to support a causal association between exposure to the 
agents and cancer. 

• Group B chemicals (probable human carcinogens) are agents for which there is limited 
evidence from epidemiological studies of carcinogenicity to humans (B1) or for which, in 
the absence of adequate data on humans, there is sufficient evidence of carcinogenicity 
from animal studies (B2). 

Group C chemicals (possible human carcinogens) are agents for which there is limited 
evidence of carcinogenicity in animals, and an absence of data for humans. 

• Group D chemicals (not classified as to human carcinogenicity) are agents with 
inadequate human and animal evidence of carcinogenicity or for which no data are 
available. 

• Group E chemicals (evidence of non-carcinogenicity in humans) are agents for which 
there is no evidence of carcinogenicity in adequate human or animal studies. 

The cancer risks developed in this report are all accompanied by this weight-of-evidence 
classification. The reader should keep in mind that regardless of potency, there are important qualitative 
differences between risk estimates for chemicals that have been demonstrated to be human carcinogens 
and those chemicals for which the evidence is limited. 

3.2.3.3 Health Effects Criteria for Noncarcinogens. Health effects criteria for chemicals 
exhibiting noncarcinogenic effects are generally developed using verified reference doses (RfDs) and 
reference concentrations (RfCs). These are developed by USEPA's RfD/RfC Work Group and are 
available on IRIS (USEPA 1994a) or through USEPA's HEAST (USEPA 1994b). 

RfDs are expressed in units of dose (mg/kg-day), while RfCs are expressed in units of 
concentration (mg/m3). RfDs and RfCs are usually derived either from human studies involving 
work-place exposures or from animal studies. Chronic RfDs or RfCs are estimates (with uncertainty 
spanning perhaps an order of magnitude) of the daily exposure to a human population (including sensitive 
subpopulations) that is likely to be without an appreciable risk of deleterious effects during long-term 
exposures (seven years or longer). RfDs/RfCs are used as a reference point for gauging the potential 
effects of exposures. Usually, exposures (as chemical intakes, doses, or inhalation exposure 
concentrations) that are less than the RfD or RfC are not likely to be associated with adverse health 
effects. As the frequency and/or magnitude or the exposures exceeding the RfD/RfC increase, the 
probability of adverse effects in a human population increases. 

The RfDs/RfCs are derived using uncertainty factors that reflect scientific judgement regarding the 
various types of data used to estimate the RfD/RfC. RfDs/RfCs are estimated from no-observable-adverse- 
effect-levels (NOAELs) or lowest-observable-adverse-effect-levels (LOAELs) in human or animal studies. 
LOAELs and NOAELs are obtained from chronic toxicity studies in laboratory animals, and are the lowest 
level at which a toxic effect occurs, and the level at which no toxic effects are manifested, respectively. 
To derive RfDs/RfCs, NOAELs or LOAELs are divided by one or more uncertainty factors, as appropriate. 
Uncertainty factors, generally 10-fold factors, are intended to account for: 

(1) The variation in sensitivity among members of the human population; 

(2) The uncertainty in extrapolating animal data to the case of humans; 
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(3) The uncertainty in extrapolating from data obtained in a study that is less-than- 
Irfetime exposure; 

(4) The uncertainty in using lowest-observable-adverse-effect level (LOAEL) data 
rather than no-observable-adverse-effect level (NOAEL) data; and 

(5) The inability of any single study to adequately address all possible adverse 
outcomes in humans. 

When taken together, these uncertainty factors may confer an extra margin of safety up to a factor 
of 10,000 below a LOAEL. In some cases, modifying factors are also applied to RfDs/RfCs to take into 
account other uncertainties in the toxicity database and reflect the professional judgement of those 
reviewing the database. The net result of incorporating these uncertainty factors is that RfDs/RfCs always 
bias risk estimates in the direction of overestimation of the likelihood of adverse noncarcinogenic effects. 

3.2.3.4 Health Effects Criteria for Individual Chemicals of Potential Concern. Chronic oral 
health effects criteria (RfDs and CSFs) for the chemicals of potential concern to be quantitatively evaluated 
were presented earlier in Table 3-1. The toxicological properties of the chemicals of potential concern and 
the toxicological basis of the health effects criteria are also presented in Table 3-1. Because no pathways 
involving inhalation are evaluated, no chronic inhalation toxicity criteria are presented. In accordance with 
USEPA (1989a) guidance, chronic RfDs were used to develop remediation goals for all pathways where 
exposures would be greater than seven years. Although USEPA (1989a) guidance considers exposure 
periods of less than seven years to be subchronic, chronic RfDs were used instead of subchronic RfDs 
when developing remediation goals for the excavation scenario, where the exposure duration would be 
only one year. The chronic RfDs are more conservative and add a measure of protection to the 
subchronically exposed receptors. 

The evaluation of dermal exposures, in contrast to ingestion and inhalation exposures, is 
complicated by the fact that toxicity criteria for this route of exposure are unavailable. As a result, oral 
toxicity criteria (CSFs or RfDs) were used to assess dermal exposure estimates. In order to have a 
meaningful comparison between the dermal dose estimates, which represent internal (or absorbed) doses, 
and toxicity criteria, which typically represent potential (or administered) doses, toxicity criteria should be 
modified to represent absorbed doses. (In cases where the toxicity criteria are based on internal doses, 
this modification is not required.) The method for modifying toxicity criteria involves determination of an 
absolute oral absorption factor for each chemical and use of this value to increase the chemical's oral 
cancer slope factor or decrease the chemical's oral RfD (USEPA 1989a). Cancer slope factors and RfDs 
adjusted in this manner are then more appropriate to assess absorbed dose-response, rather than 
administered dose-response. The absolute oral absorption factors that are applied should reflect the 
specific conditions under which the toxicological study was conducted (e.g., method of administration 
such as gavage, water or diet, and vehicle of administration such as solvent or solution). An absolute oral 
absorption fraction from the Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological 
Profile documents (ATSDR 1992) is available for 2,4,6-TNT (i.e., 60%). Because no absolute oral 
absorption factors were available for RDX and tetryl, a default absolute oral absorption factor of 50% (0.50 
for semi-volatile organics) was used for both explosives, in accordance with USEPA Region IV guidance. 
The adjusted RfDs are calculated by multiplying the RfD by the absolute oral absorption factor and the 
adjusted CSFs are calculated by dividing the CSF by the absolute oral absorption factor. The adjusted 
toxicity criteria used to evaluate dermal exposures are presented on Table 3-4. 

3.2.4 Derivation of Remediation Goals 

Based on the rationale provided in Section 3.2.2, remediation goals were based solely on 
protection of human receptors in the northern industrial areas of MAAP; ecological receptors were not 
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assumed to have significant exposures in these areas. Remediation goals for soil were derived by 
incorporating conservatively-derived USEPA default exposure parameters and USEPA toxicity criteria into 
the equations presented below. As discussed earlier in Section 3.2.3.1, the evaluation of carcinogenic 
chemicals and noncarcinogenic chemicals is conducted separately, as the mechanisms of action for these 
two groups of chemicals are different (i.e., the no-threshold effect for carcinogens and a threshold effect 
for noncarcinogens). The USEPA has established a typical acceptable risk range (to evaluate 
carcinogens) for remedial planning at Superfund sites. This target risk range of one in ten thousand 
(1x10 ) to one in one million (1X10"6) is the chance of developing (not dying of) cancer as a result of 
exposure to the carcinogen under specified exposure conditions. In this evaluation, risk-based 
remediation goals were developed using a target risk level of 1x10'5, the median of the USEPA acceptable 
risk range of IxlO"6 to IxlO"4. This target risk level is considered appropriate due to the anticipated 
limited industrial uses of the load lines in the future. 

Potential adverse impacts associated with oral exposures to noncarcinogens are presented as 
the hazard quotient. Hazard quotients that are less than 1.0 should be viewed as indicating that adverse 
effects would not be associated with the exposures being evaluated, while hazard quotients exceeding 
1.0 indicate the potential for occurrence of adverse effects. As a result, for noncarcinogenic chemicals, 
risk-based remediation goals were calculated to correspond to a target hazard quotient of 1.0. 2,4,6-TNT 
and RDX exhibit both carcinogenic and noncarcinogenic effects, so two risk-based remediation goals for 
these chemicals are presented for each pathway evaluated. Tetryl exhibits only noncarcinogenic effects, 
thus only one risk-based remediation goal for tetryl is presented for each pathway. 

3.2.4.1  Soil Remediation Goals for Contact with Soil. 

Soil Ingestion. Remediation goals associated with ingestion exposures to explosives compounds 
in soil for industrial and excavation workers and for hypothetical future residents were calculated using 
the following equation and the exposure parameters summarized in Table 3-5 and discussed below. The 
equation used to calculate the remediation goals for ingestion of soil for carcinogenic chemicals is: 

RG   _   1x1 Q-5 * BW * ATC * 36 5 days/year 
c EF * ED * IR * CSF * CF 

where 
RGC = Remediation goal for carcinogens (mg/kg), 
1x10'5 = Target risk value (unitless), 
BW = Body weight (kg), 
ATC = Averaging time (70 years for carcinogens), 
EF = Exposure frequency (days/year), 
ED = Exposure duration (years), 
IR = Ingestion rate (mg/day), 
CSF = Cancer slope factor (mg/kg-day)'1, and 
CF = Conversion factor (kg/106 mg). 

The equation used to calculate the remediation goals for ingestion of soil for noncarcinogenic 
chemicals is: 

RG    =   1'° * BW * ATnc * 365 days/year * RfD 
nc EF * ED * IR * CF 
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TABLE 3-5 
Exposure Parameters for Incidental Ingestion of and Dermal 

Contact with Chemicals In Surface and Subsurface Soil 
Current and Future Land-Use Conditions 

Parameters Current 
Industrial 

Future 
Excavation 

Future 
Resident 

Age Period Adult Adult 0-30 

Exposure Frequency [EF] (days/year or events/year)a 250 40 350 

Exposure Duration [ED] (years)" 25 1 30 

Ingestion Exposure Parameters: 
Soil Ingestion Rate [IRS] (mg/day)c 50 480 120 

Direct Contact Exposure Parameters: 
Skin Surface Area Available for Contact [SA1 (cm2)d 

Soil-to-Skin Adherence Factor [AF] (mg/cm-event)6 

Dermal Absorption Factor [Ab] (dimensionless)f 

3,500 
1.0 

0.01 

3,500 
1.0 

0.01 

3,800 
1.0 

0.01 

Body Weight [BW] (kg)9 70 70 48 
Averaging Time [AT] (years)h 

Carcinogenic Effects 
Noncareinogenic Effects 

70 
25 

70 
1 

70 
30 

aFor industrial workers, frequency shown is a USEPA (1991a) default value, assuming work is 
performed 5 days/week for 50 weeks/year. For excavation workers, value shown is based on working 
5 days/week for 2 months during one year. The residential exposure frequency is the USEPA (1989a, 
1991) default value, assuming a resident is at home throughout the year, except for two weeks of 
vacation away from the home. 
bFor industrial workers, duration shown is a USEPA (1991a) default value for time spent working at 
one location. For excavation workers, duration shown assumes that construction will be completed 
within one year. The residential exposure duration is based on the national upper-bound time at one 
residence (USEPA 1989a, 1991). 
cFor industrial workers, ingestion rate shown is a USEPA (1989a, 1991a) default value for ingestion of 
soil by persons in the workplace. The ingestion rate for excavation workers is a USEPA (1991a) 
default value for ingestion of soil during short-term outdoor construction/maintenance type of activities. 
The residential soil ingestion rate is a weighted-average ingestion rate, assuming 1-6 year olds ingest 
soil at a rate of 200 mg/day, while older residents ingest soil at a rate of 100 mg/day (USEPA 1989a 
1991). 
dValue derived from data presented in USEPA (1985), averaging across gender. It is assumed that 
workers' hands and arms are uncovered and exposed to soil, while the residents' hands, Vfe the arms, 
and Vz the legs are uncovered an exposed to soil. 
^alue shown is recommended by USEPA (1992b). 
Value shown is the recommended default value for organic chemicals (USEPA Region IV 1992c). 
öThe body weight shown for workers is a USEPA (1989a, 1991a) default value for an adult. The body 
weight shown for residents is a time-weighted average for 0-30 year olds, based on data provided in 
USEPA (1989b). 
'The averaging time for carcinogenic effects is based on USEPA (1991a, 1989a) standard assumption 
for lifetime; for noncareinogenic effects, the averaging time is equal to the exposure duration. 
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where 

RGnc = Remediation goal for noncarcinogens (mg/kg), 
1.0 = Target hazard quotient (unitless), 
BW = Body weight (kg), 
ATnc = Averaging time (equal to exposure duration for noncarcinogens), 
RfD = Reference dose (mg/kg-day), 
EF = Exposure frequency (days/year), 
ED = Exposure duration (years), 
IR = Ingestion rate (mg/day), and 
CF = Conversion factor (kg/106 mg). 

The exposure parameters used to develop the remediation goals associated with worker 
exposures are default worker exposure parameters provided by USEPA. However, some of the USEPA 
default exposure parameters differ slightly for the industrial workers and the excavation workers. For both 
worker scenarios, the average body weight value of 70 kg for an adult was used, and is based on data 
provided by the USEPA (1989a, 1991). The averaging time for carcinogens was equal to a lifetime of 70 
years, while the averaging time for noncarcinogens was equal to the exposure duration of each scenario 
(25 years for the industrial worker and one year for the excavation worker). 

Industrial workers were assumed to be exposed to surface soil 250 days/year, a standard USEPA 
(1991) default assumption assuming a 5-day work week for 50 weeks/year. Duration of exposure for 
workers was assumed to be 25 years, a USEPA (1991) upper bound default value for time spent working 
in one location. The daily soil ingestion rate for the industrial worker was assumed to be 50 mg/day, a 
standard USEPA (1989a, 1991) default value for exposure to persons in the workplace. It was 
conservatively assumed that all soil ingested during the workday by industrial workers would originate 
from the load lines. 

The exposure frequency and duration for an excavation scenario is much shorter in comparison 
to the industrial worker exposure scenario described above. Most excavations are one time occurrences 
that occur over a fairly short duration. For the purposes of this assessment, it was assumed that workers 
would be involved in the excavation project for a duration of two months. The exposure frequency was 
assumed to be five days per week over this eight-week period (resulting in a total exposure frequency of 
40 days), while the exposure duration was one year. Excavations may result in more intimate contact with 
loose soil and therefore an increased soil ingestion rate. The ingestion rate used in this assessment was 
480 mg/day, as suggested by USEPA (1991) for short-term construction/maintenance types of outdoor 
activities. It was conservatively assumed that all soil ingested during the workday by remediation workers 
would originate from the load lines. 

A time-weighted average body weight of 48 kg for 0-30 year old residents was calculated based 
on data in USEPA (1989b). The USEPA (1989a, 1991a) standard default of 70 years for a lifetime was 
used for the AT value to evaluate potential carcinogenic effects. To calculate potential noncarcinogenic 
exposures for residents, AT was equal to the duration of exposure (i.e., 30 years). Future residents (0-30 
years of age) were assumed to be exposed to surface soil 350 days/year, a standard default value 
recommended by USEPA (1989a, 1991). The duration of exposure for the future resident was based on 
the age period of concern (30 years). The weighted-average soil ingestion rate of 120 mg/day is based 
on USEPA (1989a, 1991), assuming an ingestion rate of 200 mg/day for 1-6 year olds and an ingestion 
rate of 100 mg/day for older persons. It was conservatively assumed that all soil ingested during the day 
by residents would originate from the load lines. 

The risk-based remediation goals developed for industrial and excavation worker soil ingestion 
exposures are presented in Table 3-6, while the risk-based remediation goals for future residential soil 
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TABLE 3-7 
Soll Risk-Based Remediation Goals for Residents* 

Chemical Residential 
Soil Contact0 

Carcinogenic Noncarcinogenic Overall 
Remediation Goal*5 

RDX 90          (1) 1,300              (I) 55 

140           (D) 2,000              (D) 

Tetryl (I) 4,200              (I) 2,600 

(D) 6,600              (D) 

2,4,6-TNT 320            (I) 200                 (I) 130 

620           (D) 400                 (D) 

(a) Remediation goals are in concentrations of mg/kg, and were rounded to two significant figures. The 
remediation goal for carcinogens was based on a target risk of 1x10"5, while the remediation goal for 
noncarcinogens was based on a hazard quotient of 1.0. 
(b) Remediation goals for soil contact were calculated for both ingestion and dermal pathways. 

I=remediation goal calculated for ingestion of chemicals in soil 
D=remediation goal calculated for dermal absorption of chemicals in soil. 

(c) The overall remediation goals are based on a resident simultaneously being exposed to chemicals via 
the soil ingestion and dermal pathways. 
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ingestion exposures are presented in Table 3-7. The USEPA (1994a,b) toxicity criteria used in these 
calculations were presented earlier in Table 3-1. Since both carcinogenic and noncarcinogenic toxicity 
criteria exist for both 2,4,6-TNT and RDX, two remediation goals are presented for these chemicals, while 
only one remediation goal is presented for tetryl, which exhibits only noncarcinogenic effects. 

Dermal Absorption of Chemicals In Soil. Remediation goals associated with dermal exposures 
to explosives compounds in soil for industrial and excavation workers and for residents were calculated 
using the following equation and the exposure parameters summarized in Table 3-5 and discussed below. 
The equation used to calculate the remediation goals for dermal exposures to explosives compounds in 
soil for carcinogenic chemicals is: 

1x10~5 * BW * ATC * 365 days/year 
RG„ - c       EF * ED * SA * AF * Ab * CSFadj * CF 

where 
RGC = Remediation goal for carcinogens (mg/kg), 
1x10*5 = Target risk value (unitless), 
BW = Body weight (kg), 
ATC = Averaging time (70 years for carcinogens), 
EF = Exposure frequency (days/year), 
ED = Exposure duration (years), 
SA = Skin surface area available for contact (cm2/day), 
AF = Soil-to-skin adherence factor (mg/cm2), 
Ab = Dermal absorption factor (unitless), 
CSFadj = Cancer slope factor (mg/kg-day)*1 (adjusted for the dermal pathway), and 
CF = Conversion factor (kg/106 mg). 

The equation used to calculate the remediation goals for dermal exposures to explosives 
compounds in soil for noncarcinogenic chemicals is: 

RG    =   1-0 * BW * ATnc * 365 days /year * RfDad1 
nc ~ EF * ED * SA * AF * Ab * CF 

where 
RGnc = Remediation goal for noncarcinogens (mg/kg), 
1.0 = Target hazard quotient (unitless), 
BW = Body weight (kg), 
ATnc = Averaging time (equal to exposure duration for noncarcinogens), 
RfDadj = Reference dose (mg/kg-day) (adjusted for the dermal pathway), 
EF = Exposure frequency (days/year), 
ED = Exposure duration (years), 
SA = Skin surface area available for contact (cm2/day), 
AF = Soil-to-skin adherence factor (mg/cm2), 
Ab = Dermal absorption factor (unitless), and 
CF = Conversion factor (kg/106 mg). 

The parameters describing exposure frequency (EF), duration of exposure (ED), body weight 
(BW), and lifetime for calculating worker dermal exposures are identical to those used for estimating 
ingestion of soil by industrial or excavation workers. As discussed earlier, for noncarcinogenic effects, 
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the AT is equal to the exposure duration when evaluating noncarcinogenic effects, while for carcinogenic 
effects, AT is equal to a lifetime of 70 years. 

Additional parameter values that were used to calculate dermal absorption exposures are the 
amount of chemical absorption, the amount of soil adhering to the skin, and the area of exposed skin. 
The values used to estimate the surface area of exposed skin of both the industrial and excavation 
workers were calculated using data from USEPA (1985), and were based on assumptions regarding parts 
of the body that would be available for contact with soil. For this pathway, it was assumed that the skin 
surface area (SA) available for contact for workers was 3,500 cm2 per day, which assumes the hands and 
arms are exposed. The USEPA (1992b) recommended default soil-to-skin adherence factor (AF), which 
describes the degree to which the soil adheres to the skin, of 1.0 mg/cm2 was used. 

The parameters describing exposure frequency, duration of exposure, body weight, and lifetime 
for calculating residential dermal exposures are identical to those used for estimating ingestion of soil by 
hypothetical future residents. As discussed earlier, the AT is equal to the exposure duration (i.e.. 30 
years) when evaluating noncarcinogenic effects for residents, while for carcinogenic effects, AT is equal 
to a lifetime of 70 years. 

The values used to estimate the surface area of exposed skin of the residents were calculated 
using data from USEPA (1985), and were based on assumptions regarding parts of the body that would 
be available for contact with soil. For this pathway, it was assumed that the skin surface area (SA) 
available for contact for 0-30 year old residents was 3,800 cm2 per day, which assumes the hands, one- 
half the legs, and one-half the arms are uncovered and exposed. The USEPA (1992b) recommended 
default soil-to-skin adherence factor (AF), which describes the degree to which the soil adheres to the 
skin, of 1.0 mg/cm2 was used. 

The amount of chemical absorbed through the skin into the body from contacting surface soil is 
also needed to estimate dermal exposures. The results of an intensive investigation into the amount of 
a chemical that may be absorbed through the skin under conditions normally encountered in the 
environment (and assumed to occur for this assessment) are, however, almost completely lacking. For 
a chemical to be absorbed by the skin from contacted soil, it must be released from the soil matrix, and 
pass through the stratum corneum, the epidermis, and the dermis, before it can be absorbed into the 
systemic circulation (Klaassen et al. 1986). In contrast, chemicals absorbed by the lung or gastrointestinal 
tract may pass through only two cell layers (Klaassen et al. 1986). The amount of exposure due to dermal 
absorption is evaluated by estimating the fraction of absorption from contacted soil that may occur for 
chemicals. A number of factors can affect the dermal absorption of a compound, including the 
concentration in the applied dose, the site of exposure, inter-individual variability, and the vehicle by which 
the chemical is delivered to the skin (e.g., in a solvent or soil matrix). Because of the paucity of 
experimental data on dermal absorption from soil, not all of these parameters can be taken into account 
in estimating dermal absorption factors. Following USEPA Region IV guidance, dermal absorption factor 
to be used to determine the risks associated with dermal exposures to organic chemicals in soil is 0 01 
(i.e., 1%). 

The risk-based remediation goals developed for industrial and excavation worker dermal 
exposures are presented in Table 3-6, while risk-based remediation goals developed for residential dermal 
exposures are presented in Table 3-7. The USEPA (1994a,b) oral toxicity criteria adjusted for dermal 
exposures used in these calculations were presented earlier in Table 3-4. As noted for the soil ingestion 
exposures, since RDX and 2,4,6-TNT have both carcinogenic and noncarcinogenic toxicity criteria two 
remediation goals are presented; only one remedial goal is provided for tetryl, as it is only a 
noncarcinogen. 
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Overall Soll Remediation Goals for Ingestion and Dermal Absorption of Chemicals. In order 
to determine remediation goals that would be protective of both ingestion and dermal exposures 
simultaneously (as both exposures would likely be occurring at the same time when workers or residents 
contact soil), the remediation goals for the individual pathways were combined, as follows: 

RGsoil RGing RGdeim 

where 

RG80ii = Overall soil remediation goal assuming exposures via both the dermal and 
ingestion pathways; 

RGing = Ingestion remediation goal; and 
RGderm = Dermal absorption remediation goal. 

Along with the individual ingestion and dermal remediation goals, overall soil remediation goals are 
presented in Table 3-6 for both types of workers, while overall remediation goals for residential exposures 
are presented in Table 3-7. It should be noted that the overall remediation goals are lower than the 
individual goals, since the overall goals are developed to be protective of simultaneous dermal and 
ingestion exposures. 

3.2.4.2 Soil Remediation Levels for the Protection of Future Groundwater Users. Potable 
water at MAAP is currently obtained from production wells located in uncontaminated areas. As noted 
earlier, groundwater in the northern industrial areas is not being used, thus no complete exposure 
pathways currently exist. Under future land-use conditions, it is possible that groundwater in the northern 
industrial areas could be used as drinking water by residents. As a result, this section presents the 
methodology for developing acceptable soil clean-up levels, based on migration of contamination to 
groundwater and subsequent ingestion by future residents. 

In order to estimate a soil remediation level that is protective of potential drinking water exposures, 
the concentration in groundwater that is protective of human health must first be derived. The 
concentration of explosives compounds in groundwater associated with an acceptable level of risk for 
ingestion of drinking water by future residents is calculated using the following equation for carcinogenic 
chemicals and parameters presented in Table 3-8 and discussed below. 

_   Ixl0"5 * BW * ATC * 365 days/year 
IR * EF * ED * CSF * CF 

where: 

GW„     = 
1-0 

Chemical concentration in groundwater associated with an acceptable risk level (^g/L); 
1X10'3 = Target risk value (unitless); 
BW = Average body weight (kg); 
ATC = Averaging time (70 years for carcinogens); 
IR = Water ingestion rate (L/day); 
EF = Frequency of exposure (days/year); 
ED = Duration of exposure (years); 
CSF = Cancer slope factor (mg/kg-day)"1; and 
CF = Conversion factor (mg/103/L/g). 
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TABLE 3-8 
Exposure Parameters for Ingestion of Chemicals In Groundwater 

Future Land-Use Conditions:  Residential Scenario 

Parameters Future 
Residents 

Age Period 1-30 years 
Exposure Frequency [EF] (days/year or events/year)8 350 
Exposure Duration [ED] (years)b 30 
Ingestion of Water Parameters: 

Water Ingestion Rate [IRJ (liters/day)c 
1.9 

Body Weight [BW] (kg)d 
48 

Averaging Time [AT] (years)6 

Carcinogenic Effects 
Noncarcinogenic Effects 

70 
30 

"Frequency shown is the USEPA (1991a) default value for residential exposures. 
bDuration shown is a USEPA (1989a, 1991a) default value for time spent living in one location. 
°Water ingestion rate shown is a default extrapolated value based on USEPA (1989a, 1991a). 
'The body weight shown is a weighted-average value calculated from USEPA (1989a, 1991a) 
averaging across gender and ages 1 through 30. 
"The averaging time for carcinogenic effects is based on USEPA (1991a, 1989a) standard 
assumption for lifetime; for noncarcinogenic effects, the averaging time is equal to the 
exposure duration. 
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The equation used to calculate the concentrations in drinking water for noncarcinogenic chemicals is: 

GW    -  1-° * BW * ATnc * 365 days /year * RfD 
nc ~ IR * EF * ED * CF 

where: 
RGnc = Chemical concentration in groundwater associated with an acceptable risk level (/xg/L); 
1.0 = Target hazard quotient (unitless); 
BW = Average body weight (kg); 
ATnc = Averaging time (30 years for noncarcinogens); 
RfD = Reference dose (mg/kg-day); 
IR = Water ingestion rate (L/day); 
EF = Frequency of exposure (days/year); 
ED = Duration of exposure (years); and 
CF = Conversion factor (mg/103/ig). 

Drinking water exposures were evaluated for a hypothetical future resident between the ages of 
0 to 30. For individuals 0-30 years of age, a time-weighted average body weight of 48 kg was used 
(based on data in USEPA 1989a). A drinking water rate of 1.9 liters/day was used based on assuming 
a consumption rate of 1 liter/day for individuals up to 10 kg (approximately 3 years of age), and a rate of 
2 liters/day for those over 3 years of age. Residents were assumed to consume groundwater for 350 
days/year, which is the standard USEPA (1989a, 1991) default value for residential groundwater use. In 
using this value, it is conservatively assumed that residents ingest drinking water at home all but two 
weeks a year. An exposure duration of 30 years, which is the upper-bound value for residential tenure 
at one residence, was assumed for future residents (USEPA 1989a, 1991). To calculate potential 
carcinogenic exposures for residents, the AT was equal to the USEPA (1989a, 1991) standard default of 
a lifetime (i.e., 70 years). To calculate the potential for noncarcinogenic exposures, the AT was equal to 
the duration of exposure (i.e., 30 years). 

The groundwater concentrations that were calculated to be protective of residential ingestion for 
the explosives compounds are presented in Table 3-9. Since groundwater concentrations for RDX and 
2,4,6-TNT were derived for both carcinogenic and non-carcinogenic exposures, the more conservative 
(the lower) ground water concentration is presented in bold type (C ). Only one groundwater 
concentration is presented for tetryl, since it exhibits only noncarcinogenic effects. The more conservative 
groundwater concentrations for each chemical were then used to derive the maximum soil concentration 
(i.e., soil clean-up goal), as described below. 

A number of important assumptions were made in the calculation of soil remediation goals based 
on protectiveness of groundwater: 

The total mass of each explosives compound in the northern industrial areas is estimated to be 
the product of the average concentration of each explosives compound in the soil (in those areas 
where each explosives compound is present), the fraction of the area that is contaminated, the 
depth at which each explosive compound is present in soil, and the area of the northern industrial 
areas. 

In these calculations, it was assumed that the total mass of each explosives compound will 
partition to percolating rainwater at a constant rate over 30 years. The time assumption is a 
standard assumption used in landfill performance estimates (such as the USEPA's Vertical and 
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TABLE 3-9 
Soil Risk-Based Remediation Goals Based on Groundwater Ingestion Exposures8 

Chemical Acceptable Groundwater 
Concentration (/xg/L) 

Soil Clean-Up Levels (mg/kg) 

Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic 

RDX 6 79 10 150 

Tetryl - 263 - 500 

2,4,6-TNT 20 13 41 25 

(a) Acceptable groundwater concentrations (i.e., based on a target risk of 1x10"5 for carcinogens and a 
hazard quotient of 1.0 for noncarcinogens) were input into an equation (see Section 3.2.4.2) to calculate 
an acceptable soil remediation level. 

Note: The bolded values are the lower and more conservative concentrations between the carcinogenic 
and noncarcinogenic values. 
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Horizontal Spread [VHS] model). It is assumed that the total mass of each explosives compound 
will enter the aquifer over the 30 year time interval. Given the low organic carbon content of the 
subsurface soil at MAAP, a very small fraction of each explosives compound is adsorbed to the 
soil; and therefore, this assumption is conservative but not unreasonable. 

• The total volume of groundwater into which the estimated mass of each explosives compound 
would mix was then estimated from the hydrologic information gathered during the Rl. It was 
conservatively assumed that each explosives compound would mix in the volume of groundwater 
that consists of the sum of the volume of groundwater immediately under the northern industrial 
areas and the volume of groundwater that flows under the industrial area over a period of 30 
years. 

A conservative estimate for the average velocity of groundwater at MAAP is approximately 
72 feet/year. 

Using the procedures in the draft EPA Guidance document Technical Background 
Document for Soil Screening Guidance" (USEPA, 1994c), a mixing depth in the aquifer 
of 47 feet was derived. The calculation of this mixing depth is provided in Appendix A. 

• An equation for the average concentration of each explosives compound in groundwater was then 
derived using mass balance relations. These estimated concentrations are due to leaching of 
contaminants from the subsurface soil only, and do not include existing groundwater 
contamination or the effects of upgradient sources on groundwater quality. 

The resulting equation for the concentration of each explosives compound in groundwater that 
corresponds to a remediation level in soil of RGS is the following (see Appendix A for the full derivation): 

RG     = 2   *   C9W*  DA    (VT +   W 
f

aiea * D
exp * W *   (6.2 X103) 

where: 
RGS      = Remediation level for each explosives compound in the soil (mg/kg); 
Cgw      = Acceptable groundwater concentration (/jg/L) (see Table 3-9); 
DA        = Mixing depth within the aquifer (47 ft); 
v = Groundwater flow velocity (72 ft/yr); 
T = Time in which the individual explosives compound leaches from the soil to the 

groundwater (30 yr); 
farea     = Fraction of the surface area of the industrial area that contains the individual explosives 

compound at levels between the method detection limit (MDL) and the soil remediation 
level RGS (0.005); 

Dexp     = Depth at which the individual explosives compound exists in soil at a concentration above 
the MDL (5 ft); and 

W = Width of the industrial area in the direction parallel to groundwater flow (1,000 ft). 

The values used for the above constants, as well as the rationale behind their selection, are presented 
in Appendix A. The soil concentrations associated with acceptable groundwater ingestion risks are 
presented on Table 3-9, along with associated acceptable groundwater concentrations. 
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3.2.5 Uncertainty Section 

There is a large degree of uncertainty associated with many assumptions used in risk 
assessments. Consequently, it should be recognized that many uncertainties also are associated with 
the clean-up levels that were calculated in this evaluation. For example, uncertainties are associated with 
exposure assumptions that were made, the toxicity criteria that were used, as well as the groundwater fate 
and transport modeling. In general, the primary sources of uncertainty are the following: 

• Exposure parameter estimation; 

• Toxicological data; and 

•       Fate and transport modeling. 

A complete understanding of the uncertainties associated with the clean-up levels is critical to 
understanding how the values should be used. Each of the sources of uncertainty listed above and 
associated with the clean-up levels are summarized below. 

3.2.5.1 Toxicological Data. In most RAs, one of the largest sources of uncertainty is in health 
criteria values. Health criteria for evaluating long-term exposures such as FtfDs or CSFs are based on 
concepts and assumptions which bias an evaluation in the direction of over-estimation of health risk. As 
USEPA notes in its Guidelines for Carcinogenic RA (USEPA 1986a): 

There are major uncertainties in extrapolating both from animals to humans and from high 
to low doses. There are important species differences in uptake, metabolism, and organ 
distribution of carcinogens, as well as species and strain differences in target site suscep- 
tibility. Human populations are variable with respect to genetic constitution, diet, 
occupational and home environment, activity patterns and other cultural factors. 

These uncertainties are compensated for by using upper-bound 95 percent upper confidence 
limits for cancer slope factors for carcinogens, and safety factors for reference doses for noncarcinogens. 
At best, the assumptions used here provide a rough but plausible estimate of the upper limit of risk (i.e., 
it is not likely that the true risk would be much more than the estimated risk, but it could very well be 
considerably lower, even approaching zero). More refined modeling in the area of dose-response 
calculation (e.g., using maximum likelihood dose-response values rather than the 95 percent upper 
confidence limits) would be expected to increase the final clean-up levels. 

There are varying degrees of confidence in the weight-of-evidence for carcinogenicity of a given 
chemical. USEPA's (1986a) weight-of-evidence classification provides information that can indicate the 
level of confidence or uncertainty in the data obtained from studies in humans or experimental animals. 
For example, several of the explosives compounds that were evaluated are Class C chemicals, possible 
human carcinogens, for which there is limited evidence of carcinogenicity in animals. Although RDX and 
2,4,6-TNT are both Class C carcinogens, as opposed to 2,4-DNT, which is a Group B2 carcinogen, the 
evidence for their carcinogenicity is considered to be as strong as that of 2,4-DNT. This factor should be 
considered when determining clean-up levels for these explosives compounds, as the chemicals with a 
lower certainty of carcinogenicity are driving clean-up levels. 

For dermal pathways, there is uncertainty associated with the fact that there are no toxicity values 
(RfDs and cancer slope factors) that are specific to the dermal route of exposure. To evaluate the dermal 
pathway, therefore, absorbed dermal doses were combined with oral toxicity values. As described 
previously (see Section 3.2.3.4), the oral toxicity values, typically expressed in terms of potential (or 
administered) doses, should be adjusted when assessing the dermal doses, expressed as internal (or 
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absorbed) doses. In this assessment, absolute oral absorption fractions from the literature were used to 
adjust the oral toxicity criteria. The risk estimates for the dermal pathways may be over- or under- 
estimated depending on how closely these values reflect the difference between effects via the oral and 
dermal routes. 

3.2.5.2 Exposure Assessment. There are several major sources of uncertainty in the exposure 
assessment portion of deriving clean-up levels, including the selection of input parameters used to 
estimate chemical intakes and the choice of fate and transport models used. The uncertainties associated 
with these various sources are discussed below. 

The input parameter values used in the clean-up level equations to describe the extent, frequency 
and duration of exposure to soil and groundwater are associated with some uncertainty. In order to 
compensate for the unknown exposure patterns of potential future receptors in the northern industrial 
areas of MAAP, very conservative exposure assumptions were used, to ensure that potential future 
exposures would not be underestimated. For example, remediation goals were calculated to be protective 
of both workers working at the northern industrial areas of MAAP for 250 days/year for 25 years, as well 
as residents who live at the load lines and contact soil and consume groundwater 350 days/year for 30 
years. In addition, assuming that residents would live at the load lines is very hypothetical and unlikely. 
Additional uncertainty is associated with exposure parameters for certain individuals within an exposed 
population that may be higher or lower than those assumed in this evaluation, depending upon their 
actual intake rates (e.g., groundwater ingestion rates, soil ingestion rates), nutritional status, body weights, 
etc. Exposure assumptions that were used were conservative, and were designed to produce a reason- 
able upper-bound estimate of exposure in accordance with USEPA guidelines regarding Superfund site 
RAs. 

The assumptions used in the modeling of leaching of contaminants to groundwater are generally 
conservative, including the assumption that 100% of the mass of contaminants in soil eventually leaches 
to groundwater. In reality, a certain fraction of the contaminants biodegrade, experience other natural 
processes such as photolysis, or become bound to the organic material within the soil. 

3.2.6 Conclusions 

The human health-based remediation goals for explosives compounds in soil are summarized in 
Table 3-10 for direct exposures to soil by industrial and excavation workers and by residents, as well as 
for protection of groundwater. As noted earlier, the use of the more conservative values for soil 
remediation levels are recommended for use, so that future human health risks will not exceed a risk of 
1x10* or a hazard index of 1.0. A comparison between clean-up goals associated with worker and 
residential soil exposures and protection of groundwater indicates that the more conservative goals are 
based on the protection of groundwater. As a result, as shown in Table 3-10, the soil remediation levels 
selected for the northern industrial areas of MAAP are 10 /jg/g for RDX, 25 fig/g for 2,4,6-TNT, and 500 
/ig/g for tetryl. 

3.2.7 Mass of Soil to be Remediated 

The mass of soil to be remediated has been calculated based on the case in which all soil within 
the northern industrial areas containing explosives compounds above the soil remediation level of 25 fjg/g 
for 2,4,6-TNT-related compounds and 10 /jg/g for RDX-related compounds would be excavated to a 
maximum depth of 10 feet below the subsurface. The information collected from the Line B soil sampling 
(see Section 2.3.5.2) indicates that 0.25% of the total area of the northern industrial areas contains 2,4,6- 
TNT and RDX above the soil remediation levels of 25 ^g/g and 10 /ig/g, respectively. The total surface 
area of the northern industrial areas is approximately 460 acres. The approximate area of soil with levels 
of explosives compounds greater than the soil remediation levels within the northern industrial areas is 
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TABLE 3-10 
Summary of Soil Risk-Based Remediation Goals* 

Chemical Soil Contact Exposures Groundwater 
Exposures 

Industrial 
Worker 

Excavation 
Worker 

Resident Resident 

RDX 220 3,500 55 10 

Tetryl 9,400 12,000 2,600 500 

2,4,6-TNT 470 600 130 25 

(a) The most conservative remediation goals for each receptor are presented in this table. 
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50,000 ft2, therefore, the in-situ volume of soil to be excavated is 18,500 yd3. Assuming a bulking factor 
upon excavation of 1.2, the total volume excavated is 22,200 yd3. The approximate dry density for sandy 
soil is 125 lbs/ft3 (Holtz and Kovacs, 1981), therefore, the total mass of dry soil is approximately 38,000 
tons. This calculation does not account for soil moisture that would also be excavated. 

3.3       IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS AND 
TO-BE-CONSIDERED GUIDANCE 

Section 121 of CERCLA, as amended by SARA, requires that remedial actions at Superfund sites 
comply with requirements or standards under Federal or State environmental laws that are "applicable' 
or "relevant and appropriate" to the hazardous substances, pollutants, or contaminants at a site or the 
circumstances of the release. ARARs are defined as cleanup standards, standards of control, and other 
substantive environmental protection requirements, criteria or limitations promulgated under Federal or 
State law that specifically address a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance at a Superfund site. ARARs are used to develop remedial action 
objectives, determine the appropriate extent of site cleanup, and govern implementation and operation 
of the selected action. 

SARA amended Section 121 of CERCLA to include the following waivers for ARARs. Provided that 
the remedial action protects human hearth and the environment, requirements may be waived if: 

The remedial action is an interim measure where the final remedy will attain the ARAR 
upon completion; 

• Compliance will result in greater risk to human health and the environment than other 
options; 

• Compliance is technically impracticable; 

An alternative remedial action will attain the equivalent of the ARAR; 

For State requirements, the State has not consistently applied the State requirement in 
similar circumstances; or 

For Section 104 remedial actions, compliance with the ARAR will not provide a balance 
between protecting human health, welfare, and the environment at the facility with the 
availability of fund money for response at other facilities (this waiver is not applicable at 
MAAP). 

■Applicable" requirements are those Federal and State requirements which are legally applicable, 
whether directly or incorporated by a federally-authorized State program. "Relevant and appropriate" 
requirements are Federal and State standards, criteria, or limitations which are not legally applicable to 
the site, but which address problems so similar that their application is appropriate. The determination 
that a requirement is relevant and appropriate involves the comparison of a number of site specific factors 
with those addressed in the regulatory requirements, including the physical circumstances of the site, 
hazardous substances present at the site, and characteristics of the remedial action. TBC materials are 
non-promulgated advisories or guidance issued by Federal or State government that are not legally 
binding and do not have the status of ARARs. TBCs may be used in conjunction with ARARs to 
determine the necessary level of cleanup for protection of health and the environment. 
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Selection of ARARs is dependent on the hazardous substances present at the site, the site 
characteristics and location, and the actions selected for a remedy. Thus, these requirements may be 
chemical-, location-, or action-specific. Chemical-specific ARARs are health- or risk-based concentration 
limits set for specific hazardous substances, pollutants, or contaminants in various environmental media. 
These requirements provide protective site cleanup levels, or a basis for calculating cleanup levels, for 
chemicals of concern in the designated media. Chemical-specific ARARs are also used to indicate an 
acceptable level of discharge to determine treatment and disposal requirements for a particular remedial 
activity and to assess the effectiveness of a remedial alternative. In the event that a chemical has more 
than one requirement, the most stringent of the requirements is applied. 

Location-specific ARARs set restrictions on the types of remedial activities which can be performed 
based on site-specific characteristics or location. Alternative remedial actions may be restricted or 
precluded based on Federal or State siting laws for hazardous waste facilities, and proximity to wetlands 
or floodplains or to man-made features such as existing landfills, disposal areas, and local historic 
buildings. Location-specific ARARs provide a basis for assessing restrictions during the formulation and 
evaluation of potential site-specific remedies. 

Action-specific ARARs set controls or restrictions on the design, implementation, and performance 
of waste management actions. They are based on specific remedial activities which may be selected to 
accomplish cleanup objectives. After remedial alternatives are developed, action-specific ARARs which 
specify performance levels, actions, or technologies, as well as specific levels for discharge or residual 
chemicals, provide a basis for assessing the feasibility and effectiveness of the remedial alternatives. The 
regulatory agencies responsible for the site make the final determination on the applicability or relevance 
and appropriateness of a requirement based on such factors as the characteristics of the remedial action 
and physical circumstances of the site. 

3.4       CHEMICAL-SPECIFIC ARARs 

The contaminants of concern in the soil at the northern industrial areas are limited to explosives 
compounds, particularly 2,4,6-TNT and RDX. 

3-4-1   Soil ARARs 

There are no Federal or Tennessee regulations for the concentrations of explosives compounds 
in soil. Consequently, risk-based soil remediation levels have been developed, as presented in Section 
3.2. The information in this section assesses the fate of the explosives-contaminated soil with regard to 
the requirements of RCRA. 

Waste treatment standards that often include contaminant concentration criteria have been 
established under RCRA for certain hazardous wastes that are otherwise banned from land disposal (40 
CFR 268). However, the applicability of these cleanup standards to CERCLA sites is an issue that the 
USEPA is currently addressing (54 FR 41566, October 10, 1989). Since some of the remedial options 
could involve treatment of the soil and subsequent land disposal, the RCRA requirements were reviewed 
to determine if they would be ARARs and result in chemical-specific treatment standards. 

The primary requirement affecting the classification of the soil under RCRA is to determine whether 
the materials are classified as hazardous. According to 40 CFR Part 268, Subtitle C, Section 261.32, 
wastewater treatment sludge from the manufacture and processing of explosives compounds is a listed 
waste as Hazardous Waste No. K044. Pink/red water from 2,4,6-TNT operations is a listed waste as 
Hazardous Waste No. K047. The first issue to be addressed is whether MAAP falls under the category 
of the specific industrial source for which the wastes were listed. According to the RCRA Background 
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Document (1980)2, the explosives industry is comprised of those facilities engaged in the manufacture 
and LAP of high explosives, blasting agents, propellants, and initiating compounds. Under this definition, 
MAAP clearly falls under the specific source in question; therefore, the above-listed materials at MAAP are 
listed hazardous wastes. 

The second issue is to determine if the soil also constitutes a hazardous waste. The USEPA uses 
the "contained in" rule when dealing with environmental media contaminated with hazardous waste. Unlike 
the "mixture" or "derived from" rules, the contained in rule is not codified in Federal regulations. However, 
it is the policy of the USEPA to require that soil containing a listed waste be managed as a hazardous 
waste until it no longer contains that listed waste (Telephone conversation with Amy Norgren, USEPA, 
RCRA Hotline, 1991). 

For the particular case of soil containing explosives compounds, the USEPA has not established 
a policy for determining when the soil is no longer a hazardous waste. It is therefore left for State or 
regional interpretation. For other hazardous wastes which are listed because of a RCRA characteristic 
(such as ignitability, corrosivity, etc.), the soil may be deemed non-hazardous if it does not have the 
characteristic for which the waste was listed. In other cases, a risk assessment is performed to determine 
the concentration of the listed waste in soil which results in an unacceptable health risk. 

Both of these listed wastes were listed solely because of the characteristic of reactivity and not 
for specific chemical constituents (see, e.g., 53 Federal Register 17604, May 17, 1988). A material can 
exhibit the characteristic of "reactivity" in several ways as defined by RCRA. For explosives compounds, 
the following two definitions of a reactive material are applicable: 

•      It is capable of detonation or explosive reaction if it is subjected to a strong initiating source or 
if heated under confinement [40 CFR 261.23(a)(6)]; or 

It is readily capable of detonation or explosive decomposition or reaction at standard temperature 
and pressure [40 CFR 261.23(a)(7)]. 

Extensive testing has been conducted by the Army to define the reactivity of explosives- 
contaminated soil to flame and shock stimuli. The explosives compounds evaluated included 2,4,6-TNT, 
RDX, and HMX. The results indicated that soil containing less than 15 percent explosives compounds 
will not react positively to induced shock, and soil containing less than 12 percent explosives will not react 
explosively when subjected to submerged flame initiation (Arthur D. Little, Inc., 1987). As a conservative 
guideline, the Army generally uses a total explosives concentration of 10 percent as a control limit. The 
maximum concentration of explosives compounds detected in any of the samples collected from the 
northern industrial areas was approximately 1 percent, which is well below reactive levels. Since the K044, 
K045, and K047 wastes were listed because of the characteristic of reactivity and the soil at the northern 
industrial areas is not reactive, the soil is not a listed hazardous waste. 

It is possible that although the soil is not reactive and is not a listed waste, it still may constitute 
a hazardous waste by virtue of the RCRA characteristics of ignitability, corrosivity, or toxicity. The rationale 
for further screening of the soil under RCRA requirements is as follows: 

The only material in question is soil. Therefore, the characteristics of ignitability and corrosivity 
may be eliminated without testing. 

2 
Background Document, Resource Conservation and Recovery Act, Subtitle C, Identification and Listing of Hazardous 

Waste, Section 261.31 and 261.32, Listing of Hazardous Waste (Finalization of May 1980 Hazardous Waste List), U.S. Environmental 
Protection Agency, Office of Solid Waste, November 14,1980. 
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• The RCRA characteristic of toxicity is typically determined by the Toxicity Characteristic Leaching 
Procedure (TCLP) and analysis of the leachate. For the explosives-contaminated soil in the 
northern industrial areas, the only analytes of concern which have regulatory levels are 
nitrobenzene and 2,4-DNT. If the concentration of nitrobenzene in the extract exceeds 2 mg/L 
or the concentration of 2,4-DNT exceeds 0.13 mg/L, then the soil would be classified as a 
hazardous waste by virtue of toxicity. 

The second major regulatory requirement to be met in proper disposal of the soil are the Land 
Disposal Restrictions (LDRs) (40 CFR Part 268). The USEPA has promulgated these restrictions in 
response to the Hazardous and Solid Waste Amendments (HSWA) of 1984, which prohibit the land 
disposal of hazardous wastes. The LDRs set levels or methods of treatment which reduce the toxicity 
and/or likelihood of migration of hazardous wastes, and only those wastes which meet the treatment 
standards may be land-disposed. 

Originally, K044 and K047 listed wastes fell into the First-Third Scheduled Wastes rule, wherein 
the USEPA promulgated a treatment standard of "No Land Disposal" (53 FR 31138, August 17, 1988). 
This ruling precluded the legal land-disposal of these wastes, regardless of how much treatment they 
receive. This ruling was later clarified (54 FR 18836, May 2, 1989); the USEPA stated that the original 
ruling was made on the premise that the characteristic of reactivity be removed before the waste is 
disposed. 

The LDRs for Third-Third Scheduled Wastes (55 FR 22520, June 1,1990, and codified in 40 CFR 
Part 268) revoked the "No Land Disposal" treatment standard. The USEPA is currently promulgating 
"deactivation" to remove the characteristics of ignitability, corrosivity, and reactivity as the treatment 
standard. A list of specific technologies is supplied, including incineration, to meet the deactivation 
requirements; however, use of these specific technologies is not mandatory provided deactivation (i.e. 
removal of hazardous characteristics) is achieved. 

In this case, the soil is not capable of displaying the characteristic of reactivity, based on the 
chemical data obtained during the Rl. Therefore, it appears that the soil which does not display the 
characteristic of toxicity may be land-disposed. The soil which displays the characteristic of toxicity must 
meet the promulgated treatment standard prior to land-disposal; i.e. the soil must be treated until the soil 
no longer displays the characteristic of toxicity. 

3.5       LOCATION-SPECIFIC ARARs 

Location-specific ARARs set restrictions on remedial action activities depending on the 
characteristics of a site or its immediate environs. Much of the information regarding characteristics of 
MAAP was provided by officials from the State of Tennessee. Table 3-11 lists regulations that may be 
considered ARARs for MAAP. 

3.5.1   Faults 

There are no faults in the immediate area of MAAP (Tennessee Geologic Survey, 1978). However, 
the primary concern at the installation is its proximity to the New Madrid Seismic Zone, one arm of which 
extends almost to Dyersburg, Tennessee, 40 miles northeast of the plant (Stevens, 1989). The Tennessee 
Earthquake Center records an average of 150 earthquakes a year in this zone; consequently, Milan is in 
close proximity to major seismic activity (Algermissen and Hopper, 1984). 

The Earthquake Center has defined the seismic zone in which MAAP is located as Seismic Zone 
2.  This zone is at moderate risk from a large earthquake in the New Madrid Seismic Zone (Stevens, 
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1989). If any remedial action alternatives requiring site modification are selected, the RCRA regulation 
governing placement of hazardous wastes in fault zones will be a relevant and appropriate requirement. 

3.5.2 Wetlands and Floodplalns 

The Flood Hazard Boundary Map and Flood Insurance Rate Maps, maintained by the Federal 
Emergency Management Agency (FEMA), indicate that there are some areas of MAAP that are located 
within the approximate 100-year floodplain (FEMA, 1988a; FEMA, 1988b). The Flood Plain Information 
Report (USACE, 1974) also identifies some additional areas at MAAP that are subject to flooding during 
a 100-year flood (ORNL, 1990). Therefore, the regulation prohibiting site modifications in a 100-year 
floodplain will be an ARAR for MAAP. 

Three major watersheds (the Middle Fork of the Forked Deer River, Wolf Creek, and Rutherford 
Fork of the Obion River) and one minor watershed (Hall's Branch of Johns Creek) drain MAAP (Blaylock, 
1978; USAEC, 1988a). Areas at MAAP subject to flooding after heavy rains, generally four inches or more 
in twelve hours or less, include portions of Hall's Branch and Wolf Creek (Blaylock, 1978; USACE, 1978). 
Flooding of the installation that occurs during rainy seasons could cause the off-post migration of surface 
soil contamination (USAEC, 1988a; USACE, 1978). 

Wetlands occur throughout the site (Powers, 1989). The State of Tennessee State Conservation 
Department classifies wetlands as areas having hydric soil and woody vegetation, therefore meeting the 
requirements defining a wetland according to the U.S. Department of Agriculture (Ellis, 1991). If any 
remedial actions are contemplated that would impact wetland areas, the regulations found in Executive 
Order 11988 and Executive Order 11990 will be ARARs. 

3.5.3 Wilderness Areas. Wildlife Refuges, and Scenic Rivers 

There are no wilderness areas, wildlife refuges, or wild or scenic rivers inside the plant boundaries 
(Hurst, 1989); however, under the Tennessee Water Quality Control Act, the Tennessee Water Control 
Board has delegated the three primary streams in and near MAAP (the Rutherford Fork of the Obion River, 
the East Fork, and Wolf Creek) for the following uses: fish and aquatic life, recreation, irrigation and 
livestock watering, and wildlife (TDHE, 1991). If any remedial actions are contemplated that would impact 
these areas, the regulations found in the Fish and Wildlife Coordination Act will be ARARs. 

3.5.4 Historic Sites and Archaeological Findings 

There are three known archaeological sites at MAAP located on high ground overlooking Wolf 
Creek (Blaylock, 1978). One site is located in a cultivated area. Materials consist mostly of middle 
Archaic artifacts. The sites have not been extensively examined and, therefore, their exact importance 
is unknown (Blaylock, 1978). An archaeological overview and management plan has been developed for 
MAAP; however, it does not provide conclusive information and a complete archaeological investigation 
needs to be conducted (Smith, 1989). 

There is one historical structure of significance on MAAP, the Browning House, childhood home 
of Gordon Browning who was governor of Tennessee in 1937-38 and 1942-52 (MacDonald and Mack 
Partnership, 1984). The building is located adjacent to Line Z in the northwest portion of the installation. 
The Browning House has been entered into the National Register of Historic Places as provided for in the 
Preservation Act of 1966 (MacDonald and Mack Partnership, 1984). If any remedial actions are 
considered that would impact the archaeological sites or the historic home, the regulations listed in Table 
3-11 will be ARARs. 
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3.5.5 Rare. Threatened or Endangered Species 

Rare or endangered species of animals have not actually been observed at MAAP; however, a 
1978 report prepared by the Department of the Army recommends that four species of birds should be 
actively investigated to establish their status at the site. These species include: Sharp-shinned Hawk 
(Accipiter striatus velox), Cooper's Hawk (Accipiter cooperi Bonaparte). BeWick's Wren (Thryomanes 
bewickii). and the Grasshopper Sparrow (Ammodramus savannarum pratensis). These species appear 
on the State and Federal endangered list and the National Audubon Society's Blue List. Several 
endangered, threatened, rare, and special concern species occur in Gibson and Carroll County, 
Tennessee; however, further site study is needed to determine their status at MAAP and in the 
surrounding areas (TDEC, 1989a; Pitts, 1989). 

One State-listed threatened plant, the Compass Plant (Silphium laciniatum). has been observed 
near the roadside by the boundary fence, on the southeast corner of MAAP (Eagar, 1989; Tennessee 
Department of Conservation, 1989b). The Compass Plant has also been observed on the extreme 
southern edge of MAAP within a few hundred feet of the boundary fence (Blaylock, 1978). 

If remedial action alternatives requiring site modifications are selected, regulations found in the 
Endangered Species Act of 1973 may be relevant and appropriate. In addition, any regulation cited in 
the Tennessee Nongame and Endangered or Threatened Wildlife Species Conservation Act (in Tennessee 
Code Annotated Section 70.8101) will be relevant and appropriate. 

3.6       ACTION-SPECIFIC ARARs 

Based on the remedial alternatives for soil remediation developed in Section 5, certain action- 
specific ARARs may be applicable, depending on the actual alternative selected. The following 
paragraphs provide information concerning action-specific ARARs for capping, excavation, incineration, 
and biological treatment. Action-specific ARARs, which include general RCRA requirements applicable 
to site remediation, are summarized in Table 3-12. 

As discussed above, the soil is not a RCRA listed waste, nor has the contaminated soil exhibited 
the characteristic of reactivity that would make Federal RCRA and Tennessee hazardous waste 
requirements applicable. However, these requirements are relevant and appropriate. Therefore, 
substantive elements of the Federal RCRA requirements for closure of surface impoundments and 
treatment, storage, and disposal (TSD) facilities are ARARs. 

Various Tennessee regulations would apply to actions taken to remediate the soil in the northern 
industrial areas. Tennessee Hazardous Waste Management Act (Title 68, Chapter 46), which governs the 
storage, treatment, and disposal of hazardous wastes would be applicable. This law defines "hazardous 
waste" and includes permitting requirements for hazardous waste facilities. Actions would also be 
required to comply with Tennessee Solid Waste Processing and Disposal Regulations (Rule 1200-1-7), 
which specify permitting, siting, design, and closure requirements for various disposal facilities. The 
following sections briefly describe requirements that would have to be met by specific remedial actions 
taken at the site. 

3.6.1  Capping 

Capping involves covering a site to reduce direct exposure to contaminants and to minimize 
infiltration of precipitation and subsequent vertical migration. RCRA regulations allow closure with waste 
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and contaminated soil either removed (clean closure) or intentionally left in place.   The design and 
maintenance requirements for caps are contained in 40 CFR 264.228 and include the following: 

Run-on and run-off must be controlled to prevent erosion of or damage to the cap; 

The cap must provide long-term minimization of liquid infiltration, and have a permeability less 
than that of the natural subsoil; 

The cap must function with minimal maintenance; 

The cap must accommodate settling and subsidence while retaining integrity; and 

Post-closure monitoring and maintenance must be provided. 

These criteria will be considered as potential design guidelines. 

Capping would probably include grading, construction, and possibly excavation activities that 
could generate non-point source emissions of particulates and pollutants. Action-specific ARARs for these 
activities are discussed below. 

A landfill or cap constructed at the site would be required to comply with Tennessee Solid Waste 
Processing and Disposal Regulations (Rule 1200-1-7). This rule specifies permitting, siting, design, 
monitoring, closure, and post-closure requirements for various disposal facilities, including landfills. 

3.6.2 Excavation 

Excavation could be used in conjunction with either incineration or biological treatment of soil. 
It is anticipated that explosives-contaminated soil would be removed using conventional equipment. 

Activities associated with excavation could produce airborne pollutants and particulates. The 
Tennessee Air Pollution Control Regulations establish grain loading and process weight rate limits for 
paniculate emissions [Rule 1200-3-7.03(2)]. Acceptable grain loading rates range from 0.02 to 0.25 grains 
per dry standard cubic foot (dscf) depending upon the process weight rate input. 

If excavation activities within the northern industrial areas disrupt over 5 acres of land, the 
substantive requirements of the Tennessee Water Pollution Control Regulations' general stormwater permit 
program for construction activities (Rule 1200-4-10.05) must be met. This permit program requires that 
a management plan be developed to control contaminant migration in stormwater runoff. 

Excavation of explosives-contaminated soil at the northern industrial areas may generate soil that 
displays the characteristic of toxicity and therefore would constitute a hazardous waste. Because of this, 
requirements of 40 CFR 264 pertaining to Standards Applicable to Generators of Hazardous Waste may 
be relevant and appropriate to excavation actions undertaken at the site. 

3.6.3 Incineration 

Incineration would involve treating soil using an incinerator that is transported to the site or built 
on site. Federal RCRA regulations for hazardous waste incinerators are found in 40 CFR 264 Subpart O. 
Under these regulations, certain exemptions apply to incinerators that destroy waste that is listed solely 
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for reactivity and that contains none of the constituents listed in 40 CFR 261, Appendix VIII. The RCRA 
requirements for incinerators include: 

• Waste analysis prior to the startup of incineration and periodically thereafter; 

• Treatment of principal organic hazardous constituents (POHCs) to a destruction and removal 
efficiency (DRE) of 99.99 percent; 

• Specific stack emissions controls for hydrochloric acid, particulates, and carbon monoxide; and 

• Incineration only when operating within design conditions. 

To meet the DRE performance requirements, testing of ash from the incinerator is required. The ash must 
also be tested to demonstrate that the residue is not a hazardous waste, according to RCRA definitions. 
If the residue is determined to be hazardous, it must be managed in accordance with the applicable 
requirements of RCRA found in 40 CFR Parts 262-266. 

Applicable or relevant and appropriate Tennessee Solid and Hazardous Waste Regulations will 
be complied with. 

The Federal Clean Air Act and Tennessee Air Pollution Control Regulations [Rule 1200-3-6.02(3)] 
would be applicable to stack emissions resulting from incineration. The requirements are extensive and 
include providing the highest and best practicable treatment of air contaminant emissions, complying with 
specific emission standards, and providing for monitoring and testing. The Tennessee Air Pollution 
Control Regulations establish paniculate emission limits based on a percentage of the charging rate to 
the unit. Paniculate emissions limits are 0.2 percent of the charging rate for a charging rate of 2,000 
pounds/hour or less to the incinerator; paniculate emissions from incinerators charging over 2,000 
pounds/hour are limited to 0.1 percent of the charging rate. 

Incineration activities would have to comply with substantive requirements of the Tennessee Water 
Pollution Control Regulations' general stormwater permit program for industrial activities (Rule 1200-4- 
10.04). This permit program requires that a management plan be developed to control contaminant 
migration in stormwater runoff. Tennessee Water Quality Standards (Rule 1200-4-3), which requires 
treatment of wastewater to comply with water quality standards, would also be applicable. This rule would 
require incinerator scrubber blowdown water to be treated as necessary prior to discharge. An incinerator 
would be considered a new source of industrial wastewater and would thus be required to comply with 
Tennessee Effluent Limitations and Standards (Rule 1200-4-5). This requires new sources to meet certain 
chemical-specific effluent limitations and to meet standards of performance for new sources. Siting, 
permitting, operation, closure, and post-closure of an incinerator must comply with Tennessee Solid Waste 
Processing and Disposal Regulations (Rule 1200-1-7). Disposal of treatment residuals generated by 
incinerators (or any other treatment process) would be governed by the Tennessee Solid Waste Disposal 
Act (Title 68, Chapter 31). This law applies to non-hazardous residuals generated by any treatment 
process and provides for the safe disposal to prevent, control, and abate pollution caused by solid waste. 
Permitting, operating, and maintenance requirements are stipulated. 

3.6.4 Biological Treatment 

No action-specific ARARs have been identified for biological treatment of soil. 
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4.0       IDENTIFICATION OF GENERAL RESPONSE ACTIONS 

The potential risks posed by explosives-contaminated soil around the northern industrial areas 
at MAAP indicate that remediation of the soil may be necessary. 

The purpose of this Focused FS is to identify and evaluate technologies and remedial action 
alternatives that may be applied to treat or contain contaminants in the soil around the northern industrial 
areas. Under consideration are technologies which would reduce or eliminate contaminant mobility to 
groundwater and prevent exposures to contaminants in the surface soil. This Focused FS, particularly 
Section 6, provides detailed performance and cost information to evaluate the most promising remedial 
options and the cost-effectiveness of each alternative. 

Potential remedial technology types and associated process options within each of the general 
response categories are identified and evaluated in this section. General response actions are broad 
remedial approaches capable of meeting remedial action objectives. Technology types are general 
categories which fall within a general response action. Process options are specific processes within each 
technology. Applicability to specific chemical contaminants within the soil at the northern industrial areas, 
as well as the ability to satisfy remedial action objectives, are considered in selecting the technology types 
and associated process options. 

4.1        IDENTIFICATION OF GENERAL RESPONSE ACTIONS 

This section discusses general response actions, which are broad remedial approaches potentially 
applicable to the explosives-contaminated soil at the northern industrial areas. Although an individual 
response action may be capable of satisfying further risk-reduction goals, combinations of response 
actions may be required to provide a complete remedial action. General response actions were selected 
for the explosives-contaminated soil at the northern industrial areas in accordance with methods 
presented in the USEPA's Interim Final Edition of "Guidance for Conducting RI/FS Under CERCLA" 
October 1988 (USEPA, 1988a). 

General response actions applicable to the explosives-contaminated soil at the northern industrial 
areas are as follows: 

No Action - CERCLA, as amended, and the NCP require the evaluation of a No Action alternative 
as a baseline for comparison with other remedial technologies. The No Action alternative does not involve 
any remedial actions, but could include environmental monitoring. Five-year reviews of site conditions 
would be required by CERCLA because contamination would remain at the site. 

Limited Action - Limited Action technologies do not reduce the toxicity, mobility, or volume of 
contamination, but are implemented to reduce the probability of physical contact with contaminated 
media. Limited Action technologies consist of long-term monitoring activities, physical barriers, and 
administrative actions (formalized in Memoranda of Agreement with regulatory agencies) such as 
increased installation security which would reduce the potential for exposure to contaminated media. 
Limited Action technologies also could inform the public, provide a database of information about the site, 
and evaluate changes in site conditions over time. 

Containment - Containment technologies are implemented to reduce contaminant mobility and 
eliminate potential exposure and transport pathways, but do not necessarily affect the toxicity or volume 
of contaminants. For soil, these technologies are designed to limit infiltration, minimize or prevent leachate 
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generation, and control surface runoff of contaminants. Most containment technologies require continual 
monitoring to ensure that the remedial measures are performing within design parameters. 

Removal - Removal involves excavation of the existing contaminated soil. Removal of 
contaminated soil above the risk-based level of 25 yjg/g for 2,4,6-TNT-related compounds and 10 /jg/g 
for RDX-related compounds would reduce the risk posed to workers by the contaminated soil and would 
reduce the leaching of contaminants to groundwater such that no adverse health effects would result from 
ingestion of downgradient groundwater. Removal technologies would not treat contaminated materials, 
but could be used in conjunction with on-site or off-site treatment and/or disposal technologies as a 
permanent remedy. 

Ex-SHu Treatment - Various technologies could be used to treat contaminated surface and 
subsurface soil. These technologies include alternatives which would eliminate or minimize the need for 
long-term management, and alternatives which would effectively treat soil at the site and reduce the 
toxicity, mobility, or volume of the contaminants through treatment. Prior to ex-situ treatment, soil would 
be excavated under the removal general response action. Thermal, biological, chemical, and/or physical 
treatment processes could then be used to remove the explosives compounds from the contaminated soil. 
The treated material would then be disposed either on or off site. 

In-SItu Treatment - ln-situ treatment of soil includes chemical, physical, and biological technology 
types. These methods could treat both the surface soil and subsurface soil, ln-situ soil treatment would 
minimize the need for long-term management and could potentially be used to treat soil as a primary 
component in addressing the principal threats at the site, ln-situ treatment also eliminates the need for 
excavation of soil and disposal of treatment residues. 

Off-Site Treatment - Off-site treatment involves the destruction of contaminated soil or treatment 
residuals in a permitted waste treatment facility. The most likely type of off-site soil treatment would be 
incineration. 

Disposal - Disposal technologies involve the storage of soil or treatment residuals in a permitted 
storage facility or disposal of contaminated soil or treatment residuals in a landfill. The land disposal of 
hazardous waste is strictly regulated by LDRs promulgated under HSWA. Regulatory requirements would 
be considered when disposing of soil or treatment residuals. 

4.2        IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

Process options within potential technology types are screened on the basis of implementability, 
effectiveness, and cost. For the implementability criterion, the following factors were considered: 

Site characteristics may limit the constructability or effective functioning of the technology. 
For example, source control technologies may be hampered by the large number of small 
areas to be remediated at the northern industrial areas. As discussed in Section 3, as 
much as 38,000 tons of soil would need to be excavated to treat the soil contaminated 
with explosives compounds. 

• Waste characteristics may limit the use or have an adverse impact on the effective 
functioning of the technology. The effectiveness of soil treatment technologies may be 
limited by the concentration of contaminants. 

• Required equipment should be available to implement each process option. 
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Capacity of on-site or off-site treatment or disposal facilities should be sufficient to 
implement any treatment or disposal options. 

Permits may be required for on-site or off-site treatment, transport, disposal, or 
construction. 

As discussed above, many technology types could be implemented with a number of process 
options. If process options are sufficiently similar that the selection of one would not limit the evaluation 
of the technology type, then one representative process option was identified. If, however, the 
performance, cost, or implementation of process options was sufficiently different, then more than one 
process option was selected. 

The following factors were considered under the effectiveness criterion: 

The reliability in meeting chemical-specific ARARs or human health-based risk levels, 
including the potential threat to groundwater. Process options that cannot achieve the 
remedial action objectives would be eliminated. 

The degree of permanent reduction in toxicity, mobility, or volume achieved through 
treatment of the waste. As required by CERCLA, process options which achieve 
reduction in these characteristics would be given preference. 

• The long-term risks due to treatment residuals or containment systems. 

The risks to the public, workers, or the environment during construction and 
implementation of the process option. 

Cost was considered qualitatively in the screening of process options, with only the relative 
magnitude of capital and O&M costs being considered. Technology types and process options which 
have potential applicability based on this initial screening are assembled and screened in greater detail 
in Sections 5 and 6. 

4.2.1 No Action 

CERCLA, as amended, and the NCP require the evaluation of a No Action alternative as a 
baseline for comparison with other remedial technologies. The No Action alternative does not involve any 
remedial actions, but could include environmental monitoring. Five-year reviews of site conditions would 
be required by CERCLA because contamination would be allowed to remain at the site. 

Description - No Action is not a technology category but does provide a baseline against which 
all other alternatives may be compared. This response does not involve remedial activity, monitoring, or 
restrictions. 

Initial Screening - No Action does not reduce the toxicity, mobility, or volume of contamination. 
As required by the NCP and CERCLA as amended, however, the No Action alternative is retained for 
consideration in the alternatives assembly. 

4.2.2 Limited Action 

Limited Action consists of long-term monitoring activities, physical barriers, and administrative 
actions such as increased installation security which would reduce the potential for exposure to 
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contaminated media. Limited Action would also include a public information program, provide a database 
of information about the site, and evaluate changes in site conditions over time. 

4.2.2.1 Monitoring. Description - Monitoring programs including soil sampling, air sampling, and 
groundwater monitoring could be implemented in conjunction with the remedial actions. Monitoring does 
not actively prevent exposure to contaminants, nor does it reduce contaminant toxicity, mobility, or 
volume. However, monitoring could be used in combination with other remedies as a means to evaluate 
the short-term impacts and long-term effectiveness and permanence of these remedies. Soil and air 
sampling are discussed in Section 4.2.4, under Soil Removal/Excavation. 

Groundwater monitoring could be used to evaluate the extent to which contaminants are leaching 
from the soil to the groundwater. Downward leaching of contaminants and transport of contaminants in 
the aquifer could be monitored with periodic sampling of groundwater monitoring wells. 

Initial Screening - Monitoring programs use standard sampling equipment and are relatively easy 
to implement, but would require long-term management efforts. 

Under the Limited Action alternative, groundwater monitoring would include determination of 
horizontal and vertical contaminant gradients in the aquifer and any changes in contaminant distributions 
in the aquifer overtime. Therefore, data from groundwater sampling around the northern industrial areas 
and/or any containment option would be utilized to evaluate the effectiveness of the remedial actions. 
Groundwater monitoring is retained for further consideration in the alternatives assembly. 

4.2.2.2 Administrative Actions. Description - Administrative actions include institutional 
restrictions, access restrictions, and public education. Institutional restrictions would involve controlling 
access to contaminated areas by implementing administrative policies which specify access controls, long- 
term maintenance, and monitoring to be implemented at MAAP. Administrative policies of interest would 
include restricting future property uses within contaminated areas to prevent residential or agricultural land 
use of the northern industrial areas. 

Access restrictions would involve controlling access to contaminated areas by installing physical 
boundaries and/or signs around the contaminated areas of the northern industrial areas. 

An increased public awareness of the hazards present at the site can be achieved through public 
education. This consists of public meetings, presentations at local schools, press releases, and posting 
of signs. 

Initial Screening - Institutional restrictions, access restrictions, and public education would not 
reduce toxicity, mobility, or volume of contaminants; however, they would help to control the potential for 
future exposure to explosives contamination at the northern industrial areas. These actions are retained 
for consideration in the alternatives assembly. 

4.2.3 Containment 

Containment refers to passive controls which would isolate contaminants in soil from the 
environment to minimize the potential for exposure and/or transport. These technologies would isolate 
contaminants to prevent direct contact, incidental ingestion, and other human exposures, and/or attempt 
to control contaminant migration from leaching, erosion, or runoff. 

4.2.3.1 Engineered Cap. Description - Capping is a method of containing contaminated 
materials. Engineered caps could be constructed of various layers of clay, soil, synthetic textiles, asphalt, 
or concrete. Controlling the flow of water through the contaminated soil at the northern industrial areas 
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with an engineered cap would prevent further contaminant loading from soil to the groundwater, worker 
exposure to the contaminated soil, and surface runoff of contaminants. A cap would also eliminate 
ecological exposures to the contaminated soil. 

Prior to construction of a cap, geotechnical surveys would be conducted to evaluate soil 
properties at the site. Staging areas would be constructed, and vegetation would be cleared from the 
surface of the site. Fill material would be added to the site to create a foundation and level the surface. 
The cap components would then be installed. The cap could be constructed utilizing synthetic and/or 
earthen materials for the impermeable layers of the cap. This type of cap would create a hydraulic barrier 
above the contaminated soil and prevent further infiltration by blocking precipitation and draining it away 
from the site. 

Initial Screening - A cap constructed with appropriate construction quality control, quality 
assurance, field testing, and field sampling of materials would reduce or eliminate contaminant mobility, 
although toxicity and volume would remain unchanged. Infiltration of rainwater through the contaminated 
soil would be eliminated, and contaminant loading to groundwater would be reduced. This option would 
effectively isolate the contaminated soil from the surrounding surface environment, eliminate potential 
human exposures with source material, and reduce or eliminate further contaminant loading of 
groundwater. Construction of a cap would be relatively easy to implement as long as it is constructed 
in an open area. Materials and equipment for cap construction are generally available. However, there 
are many small areas of explosives contamination at each of the northern industrial areas and it may be 
costly and difficult to install an engineered cap at each location. Also, cap construction may interfere with 
activities performed around the northern industrial areas. Because a cap would prevent contaminant 
loading to the groundwater, worker exposure, and surface runoff, it is retained for further consideration. 

4.2.3.2 Soil Cover. Description - Covering areas of contaminated soil with clean soil would 
effectively achieve isolation of contaminants from the surface environment. Implementation of this option 
would require clearing existing vegetation, placing clean fill of dirt and topsoil, and replanting the area to 
prevent erosion. 

Initial Screening - Although this method would not prevent infiltration through contaminated soil 
(except to the extent that the clean soil would be of lower permeability than the surface soil), it would 
prevent direct contact with the explosives-contaminated soil. This technique would be a relatively simple, 
low cost option to reduce or eliminate potential human exposures to the contaminants in the surface soil. 
Because this option would not prevent leaching of the contaminants to groundwater, it is eliminated from 
further consideration. 

4.2.4 Soil Removal/Excavation 

Description - Excavation of soil contaminated with explosives compounds at levels greater than 
25 fjgfg for 2,4,6-TNT-related compounds and 10 fjg/g for RDX-related compounds would remove the soil 
in the northern industrial areas that is above the risk-based remedial action objective. Removal of the 
contaminated soil would prevent worker exposure to the contaminated soil and protect groundwater 
quality. Excavation could be performed with a backhoe, dragline, or other heavy earthmoving equipment. 
The sandy material at MAAP would most likely require support or stabilization at deeper depths to prevent 
wall collapse. This technology would be used in conjunction with an on-site or off-site soil treatment 
method. Soil sampling would be performed to determine the area and depth of contaminated soil to be 
excavated for treatment, and to verify that the contaminated soil has been removed to below the remedial 
action objectives. 

During excavation, contaminated particulates may be generated and dispersed into the 
atmosphere.   Air monitoring during remediation actions would be conducted to measure releases of 
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contaminated participates. An air monitoring program, including the regular use of a paniculate counter, 
would provide a means of determining when additional dust controls are required. 

Initial Screening - This technology would effectively remove contaminated soil around the northern 
industrial areas. Shoring or sloping may be required for excavation depths below 5 feet in accordance 
with OSHA requirements. Slope ratios of 2 (horizontal) to 1 (vertical) may be implemented as a 
conservative estimate to maintain stability. Soil may be excavated in six- to twenty-four inch lifts, and soil 
sampling would be conducted after each lift to ascertain the level of explosives compounds remaining in 
the soil. The large number of excavation points would pose a challenge for implementation. Proper 
disposal or treatment of the contaminated source materials would be implemented in order to reduce or 
eliminate the volume, mobility, or toxicity of the contaminants. Windblown emissions of contaminated 
dusts and transport of contamination in surface runoff would be controlled using water spray or plastic 
sheeting to minimize the generation and emission of airborne particulates. Silt fences, trenches, and other 
structures could be constructed to prevent surface runoff and erosion of contaminated soil. Appropriate 
levels of personal protective equipment would be used to minimize worker exposure to airborne 
contaminants. Excavation is retained for further consideration in the alternatives assembly. 

4.2.5 Ex-SItu So» Treatment 

Soil treatment methods were evaluated based on the ability of each technology to treat explosives 
compounds. Mobile treatment units or semi-permanent units may be constructed on site in order to 
implement the thermal, biological, physical, and/or chemical treatment technologies. These technologies 
would be used to treat contaminated soil after excavation. In-situ technologies are considered in Section 
4.2.6, and disposal options for treatment residuals are discussed in Section 4.2.8. 

4.2.5.1 Thermal Treatment. Thermal treatment processes (USEPA, 1988b; USEPA, 1990b) use 
a controlled atmosphere to destroy or to detoxify hazardous wastes. Contaminants are converted to 
carbon dioxide, water, and other combustion products when burned with excess oxygen. This technology 
type is capable of complete destruction of contaminants, as well as significant volume reduction, 
detoxification, and energy recovery. High concentrations of contaminants such as explosives compounds 
may cause a safety hazard, but this would not be a concern for contaminated soil from the northern 
industrial areas. Studies conducted by USAEC indicate that sediments containing explosives 
concentrations similar to those detected in the soil at MAAP can be fed directly into the primary 
combustion chamber of an incinerator without exceeding acceptable safety considerations (USAEC, 1984). 
High metals concentrations, including naturally-occurring metals, may cause adverse effects in some 
systems. Combustion products of some heavy metals and volatile metals such as mercury are not always 
removed from incinerator off-gases by air pollution control devices. However, the levels of metals detected 
during the soil sampling at MAAP are low enough that these problems would not be encountered 
(USAEC, 1991a). Monitoring for releases of airborne contaminants from treatment processes (i.e. 
incinerator stack emissions) could be conducted to ensure safe operation and adequate pollution control 
for such systems. Thermal treatment processes that are potentially applicable for treating contaminated 
soil are described and screened below. 

Rotary Kiln Incineration. Description - Rotary kilns are refractory-lined cylinders that are slightly 
inclined from horizontal. Wastes and auxiliary fuel enter the incinerator at the high end, and are 
combusted with excess oxygen. The combustion chamber rotates as wastes are combusted and move 
to the low end of the unit. Mixing of wastes occurs through rotation, and this mixing allows complete 
combustion of waste materials. Waste materials are transformed into ash and combustion gases, 
including carbon dioxide and water. Rotary kilns also have a secondary combustion chamber to ensure 
complete combustion of gases. Off-gases are treated to remove acid gases and particulates, and ash 
(decontaminated soil) is removed at the lower end of the unit.   Residuals from this process include 
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decontaminated soil from the combustion chamber, particulates and scrubber solution from the air 
pollution control device, and stack gases. Scrubber solutions are generally recycled. 

Initial Screening - This technology has been effectively demonstrated for many hazardous waste 
applications and for treating explosives-contaminated soil. This technology has been used for remediation 
of explosives-contaminated soil at Savanna Army Depot Activity (SADA), Savanna, Illinois, at Cornhusker 
Army Ammunition Plant, Grand Island, Nebraska, and at Louisiana Army Ammunition Plant (LAAP), and 
is currently being utilized at Alabama Army Ammunition Plant. In a pilot-scale treatability study, DREs of 
greater than 99.99 percent were achieved using a rotary kiln incinerator (USAEC, 1984). This technology 
is widely available as fixed, transportable, and mobile units. Further investigation would be performed to 
accurately characterize the physical and chemical parameters of the soil to determine applicability of 
rotary kiln incineration, because the size and shape of the particles making up the waste could affect the 
performance of this process. Because it is a proven technology for similar wastes, rotary kiln incineration 
is retained for further consideration. 

Fluldlzed Bed Incineration. Description - A fluidized bed incinerator consists of a refractory-lined 
combustion vessel with a bed of inert material at the bottom. When used to treat contaminated soil, the 
soil is the bed material. Waste materials can be directly injected into the bed or onto the bed surface. 
While operating, air is forced upward through the bed, fluidizing the bed and material to a minimum critical 
velocity. Fluidization in the vessel creates a turbulent atmosphere that can achieve complete combustion. 
The heating value of the wastes and auxiliary fuel (such as natural gas) supports combustion. A 
secondary combustion chamber exists to provide adequate retention time for the destruction of VOCs. 
Combustion gases are emitted from the secondary chamber and treated for acid gases and paniculate 
constituents. Treatment residuals include decontaminated soil or ash, treated combustion gases, and 
residues from air pollution control devices. 

Initial Screening - This technology has the potential to be effective in treating the explosives 
compounds detected in soil samples from the northern industrial areas. Efficient contaminant destruction 
may be achieved due to the high mixing energies which aid the combustion process. Transportable 
fluidized bed incinerators are commercially available. However, certain soil characteristics such as grain 
size and moisture content may affect the effectiveness of this technology, and implementability of fluidized 
bed incineration is uncertain. In addition, this technology has not been demonstrated on explosives- 
contaminated soil. Further study would be required to evaluate the effectiveness of this technology for 
treating soil from the northern industrial areas. Because of the uncertainties in treating explosives- 
contaminated soil with fluidized bed incineration, this technology is eliminated from further consideration. 

Infrared Incineration. Description - Infrared incineration takes place in a primary combustion 
chamber made of carbon steel and lined with refractory materials. Wastes are fed into the chamber on 
a conveyor belt able to withstand high temperatures. The wastes pass beneath a series of silicon carbide 
heating elements, which are electrically powered and emit infrared energy. Processed material is 
discharged from the furnace, while exhaust gases pass into a secondary combustion chamber which is 
similar in construction to the primary chamber. Auxiliary fuel or additional infrared heating elements are 
used to ignite remaining combustible gases in the secondary chamber. The entire unit can be operated 
in an oxidizing, reducing, or pyrolytic atmosphere. Wastes generated by this process are decontaminated 
soil (ash), off-gases, and air pollution control device residuals. 

Initial Screening - This process has been demonstrated to treat CERCLA wastes containing 
halogenated and nonhalogenated organics, including polychlorinated biphenyls (PCBs), on a commercial 
scale. Commercial infrared systems are available, but on a more limited scale than rotary kilns. 
Transportable infrared furnace units are commercially available. However, this technology has not been 
demonstrated on explosives-contaminated soil. Further study would be required to evaluate the 
effectiveness of this technology in treating soil from the northern industrial areas.   Because of the 
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uncertainties in treating explosives-contaminated soil with infrared incineration, this technology is 
eliminated from further consideration. 

Pvrolvtlc Incineration. Description - Pyrolysis units are batch treatment systems which treat 
wastes in a controlled oxygen atmosphere. These units slowly volatilize organics at relatively low 
temperatures in a two-stage process. In the first stage, wastes are combusted under starved air 
conditions, causing most of the volatile organics to be destroyed pyrolytically. Required heat typically is 
provided by oxidation of carbon compounds in the wastes. The waste gases from the primary chamber 
pass to a secondary chamber, where combustion of gases occurs with excess oxygen to ensure complete 
combustion. Final off-gases are usually minimal, and the low turbulence in the primary chamber causes 
low paniculate entrainment. 

Initial Screening - This process is commercially available and has the potential to be effective on 
organic wastes, although it has not been sufficiently demonstrated on CERCLA wastes. High residence 
times are required to ensure complete pyrolysis of organics; therefore, these systems have lower 
throughput than other incineration systems. Because of the large volume of wastes that may need to be 
treated, this system may be inappropriate for contaminated soil from the northern industrial areas. 
Applicability of the starved air system to destroy explosives compounds is unknown. For these reasons, 
this technology is eliminated from further consideration in the alternatives assembly. 

Vitrification. Description - Hazardous materials are immobilized by incorporation into a glass-like 
material or are destroyed by the high temperatures needed for the vitrification process. Wastes are 
heated to temperatures high enough to melt the waste substrate and transform it into a solid mass upon 
cooling. High temperatures also destroy hazardous constituents and reduce organic materials to carbon, 
carbon monoxide, and hydrogen. Gaseous emissions are relatively low, and the resultant mass is stable 
and immobilizes inorganics such as heavy metals. The reaction chamber has two sections, both of which 
utilize electric heating systems. The lower section contains a molten zone for melts of metals and 
siliceous components of the waste, and the upper chamber treats off-gases. Residues from the process 
are molten glass containing bound metals, some off-gases, and air pollution control device residuals. 

Initial Screening - This process could treat the contaminants of concern in the soil from the 
northern industrial areas. Moisture content is limited to 25% water by weight for effective implementation 
of this process; soil from the northern industrial areas would satisfy this requirement. Although this 
process has the potential to effectively remove organics and to immobilize heavy metals, ft has not been 
adequately demonstrated for explosives compounds. Availability of the system is limited in this country. 
For these reasons, this process option is eliminated from further consideration. 

4.2.5.2 Biological Treatment. Biological treatment utilizes indigenous or introduced 
microorganisms to biologically degrade organic constituents. During biodegradation, contaminants are 
broken down and heat is generated by microbial metabolism. Bacteria, fungi, and yeasts can degrade 
contaminants in aerobic or anaerobic environments. In aerobic conditions, organic contaminants are 
decomposed to carbon dioxide, water, and cell protein. Under anaerobic conditions, byproducts are 
methane, carbon dioxide, and cell protein. Solid-phase (composting) and slurry-phase (aerobic and 
anaerobic bioslurry) treatment processes have been developed for a wide range of organic contaminants. 

Composting. Description - In composting systems, waste materials are mixed with bulking agents 
and amendments such as wood chips, straw, or manure. Amendments provide nutrients for the 
microorganisms, and bulking agents alter the physical characteristics of the compost material to make 
it more suitable for biodegradation. The compost mixture is then placed in a controlled environment 
where temperature, nutrients, and oxygen could be adjusted, and gaseous emissions and leachate could 
be collected and treated. The simplest composting method is static pile composting, with compost 
material placed in a pile and allowed to self-heat.  Compost piles could be formed into long windrows 
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where they are mixed using a mechanical turner. Controlled static pile composting integrates an aeration 
and heat removal system by placing perforated pipes under the compost pile. Air could be drawn or 
forced through the piping to aerate the pile and control heating. The highest level of composting 
technology is mechanically agitated in-vessel (MAIV) composting, which consists of an automated material 
handling system that feeds soil into an enclosed vessel where the soil is composted. MAIV composting 
decreases the time required for biodegradation by carefully controlling the composting environment and 
is a continuous treatment process which includes materials handling, aeration, and temperature control 
systems (USAEC, 1988b; USAEC, 1991b; USEPA, 1990b; USAEC, 1993b). 

Initial Screening - Equipment used for materials handling, aeration, and waste treatment are 
readily available, and bulking agents and nutrients could easily be obtained. In field-scale demonstrations, 
composting has been proven to be effective in reducing toxicity of explosives-contaminated soil (USAEC, 
1988b; USAEC, 1991b; USAEC, 1993b). In tests performed at LAAP and at Umatilla Army Depot Activity 
(UMDA), measurable concentrations of 2,4,6-TNT, RDX, and HMX were reduced by up to 99%. Physical 
characteristics of the soil were similar to those found at the northern industrial areas of MAAP, with the 
exception of total explosives concentration. Total explosives concentration in soil that was treated were 
generally much higher than the concentrations found in soil at northern industrial areas of MAAP. At 
UMDA, the sum of 2,4,6-TNT and RDX in soil initially averaged about 6,100 /jg/g (USAEC, 1992a), and 
optimization studies indicated that a soil to be composted should ideally contain a minimum of 10,000 
pg/g of total explosives. 

Tests at UMDA resulted in final concentrations of 2,4,6-TNT and RDX of 1 to 18 /jg/g (USAEC, 
1992a; USAEC, 1993b), although further degradation could occur with a additional composting time. Soil 
is generally added as 10 to 30 percent of the compost mixture, which means that before biodegradation 
begins, explosives concentrations are one-tenth to one-third of the initial concentrations in soil. Assuming 
an initial explosives concentration of 1,000 fjg/g in the soil from the northern industrial areas, the compost 
mixture would have a total explosives concentration of 100 to 300 /jg/g. Dilution of explosives compounds 
upon addition of bulking agents and amendments could reduce optimal biomass/contaminant contact. 

Other studies have determined that 2,4,6-TNT undergoes biotransformation rather than 
biodegradation in composts, soil, and biological waste treatment systems (Burrows, et al., 1989). These 
biotransformation processes may form compounds with unknown toxicity, although these compounds 
have been shown to be bound to organic matter. Short-term tests have shown reduction in toxicity and 
mutagenicity of composted soil, but long-term effects and identification of many of the explosives 
biotransformation products are unknown. Toxicity reduction appeared to be greater using unaerated 
composting as opposed to aerated composting (USAEC, 1993b). In addition, compost compaction 
studies performed at UMDA indicated a 40 to 60 percent increase in the volume of composted soil as 
compared to the initial in-place soil volume (USAEC, 1993c). More studies would be needed to fully 
evaluate the operating parameters for soil composting at the northern industrial areas. Because 
composting is a relatively proven technology which could reduce the explosives levels and toxicity of 
explosives-contaminated soil, it is retained for further consideration. 

Aerobic Bioslurrv. Description - Aerobic bioslurry reactors are batch treatment systems which 
reduce biodegradable organic contaminants in a controlled environment. Aerobic bioslurry treatment 
enhances the degradation of organic contaminants using microorganisms indigenous to the soil. These 
systems are different from other biological treatment technologies because the systems are capable of 
increasing the degradation rate of contaminants by increasing the availability of contaminants, 
cometabolites, electron acceptors, nutrients and other additives to the microbial consortia. This is 
accomplished by completely mixing the soil in a water slurry (typically at 40 percent solids); thereby 
reducing mass transfer limitations associated with biotreatment of contaminated soil. Aerobic bioslurry 
systems maintain oxygen levels by diffusion of air or oxygen into the soil/water slurry. The result of these 
operational features is a biological system that is conducive to optimal microbial activity and increased 
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contaminant degradation rates (Zappi, et al., 1993). As opposed to composting, aerobic bioslurry is 
performed in a saturated environment which decreases the potential hazards due to fire and explosion 
during dry handling. In addition, small quantities of amendments and no bulking agents are required 
which eliminates the problem with increased soil volume that occurs during composting. 

Initial Screening - Bench-scale tests with aerobic bioslurry systems have demonstrated effective 
treatment of soil contaminated with 2,4,6-TNT (Zappi, et al., 1993). Biological degradation of the 2,4,6-TNT 
included partial mineralization of the 2,4,6-TNT along with the formation of biotransformation byproducts 
similar to those produced during composting. More bench-scale and pilot-test data would be needed to 
fully evaluate the overall performance of aerobic bioslurry reactors. This process is not readily available 
and may require as much as 2 years of development before full-scale treatment can begin; however, 
because aerobic bioslurry is capable of mineralizing explosives compounds in soil and reducing its 
toxicity, it is retained for further consideration. 

Anaerobic Bioslurry. Description - Anaerobic bioslurry reactors are similar to aerobic bioslurry 
reactors in that the biodegradation of the soil/water mixture is performed in a controlled environment, but 
the anaerobic process is performed in the absence of oxygen. In the anaerobic environment, 
microorganisms biodegrade explosives compounds and their associated biodegradation products into 
p-cresol, methane, and carbon dioxide. As with the aerobic bioslurry system, the environmental 
parameters such as pH, temperature and nutrients could be monitored and optimized in the batch 
process to increase the biodegradation rate of organic contaminants. Anaerobic bioslurry reactors are 
designed to prevent oxygen from entering the reactor while allowing methane and carbon dioxide to vent 
to the outside atmosphere. 

Initial Screening - Based on bench-scale data, the manufacturers of anaerobic bioslurry reactors 
have demonstrated up to 80 percent mineralization of explosives compounds. In a field demonstration 
under the USEPA Superfund Innovative Technology Evaluation (SITE) demonstration program, 2,4,6-TNT, 
HMX, and RDX were mineralized with low levels of biodegradation intermediates (4-amino-2,6- 
dinitrotoluene, 2,4-diamino-6-nitrotoluene, and p-cresol) remaining after treatment. During this study, 2,4,6- 
TNT levels dropped from over 1000 /jg/g to below method detection limits. Increasing levels of carbon 
dioxide were observed during this study, while the explosives levels were decreasing, which may have 
been associated with the mineralization of explosives compounds. More bench-scale and pilot-test data 
would be needed to fully evaluate the overall performance of anaerobic bioslurry reactors. This process 
is not readily available and may require as much as 2 years of development before full-scale treatment 
can begin; however, because anaerobic bioslurry is capable of mineralizing explosives compounds in soil 
and reducing soil toxicity, it is retained for further consideration. 

4.2.5.3 Physical/Chemical Treatment. Physical treatment processes separate hazardous 
constituents from the soil matrix. Chemical treatment processes chemically alter the structure of 
hazardous constituents to make a less hazardous form of the contaminant and produce a waste residue 
where constituents may be less difficult to treat. Solvent extraction, soil washing, and 
stabilization/solidification are discussed in this section (USEPA, 1988b; USEPA, 1990a). 

Solvent Extraction. Description - This process makes use of a solvent to separate contaminants 
from soil particles by partitioning the contaminants from the soil to the solvent. Solvents are mixed with 
contaminated soil at low temperatures and a high pH, and then centrifuged or filtered to separate the 
extracted materials from the liquid-phase. Solids are then dried to recover the solvent, which may be 
recycled. The resulting liquid phase solution is heated, which breaks emulsions and separates the 
organic and aqueous phases. This two-phase solution is then decanted, removing the organic/solvent- 
rich top fraction. Both phases require further treatment in separate stripping columns and possibly 
distillation for further refinement. Pretreatment is commonly required before solvent addition. 
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Initial Screening - This process option has been successful in the treatment of PCB-contaminated 
soil, and has the potential to successfully remove other organic constituents. In order to be cost-effective, 
acceptable wastes must contain greater than 200 ppm organics, which is not the case for the explosives- 
contaminated soil from the northern industrial areas. Solvent extraction using acetone as the solvent has 
been shown to be technically feasible for treating explosives-contaminated soil, but this process is unsafe 
(Sisk, 1992). To make the process cost-effective, the acetone/explosives extract must be heated to 
recover the acetone, which could cause detonation. Other solvents such as nitrobenzene could also be 
used, but similar problems would most likely be encountered. Because of these hazards, solvent 
extraction is eliminated from further consideration. 

Soil Washing. Description - Explosives compounds may be adsorbed on soil particles. 
Contaminants are "washed" from soil using a liquid medium such as water. Organic solvents, 
water/chelating agents, water/surfactants, acids, and bases may also be used to extract contaminants. 
Soil is fed through the system, passed through a soil scrubber, and sprayed with washing fluid. Soil 
washing separates larger sand particles from clays. The clay fraction, onto which most contaminants are 
adsorbed, is treated in a countercurrent chemical extractor and is dewatered. The washing fluid is 
eventually treated by conventional wastewater treatment systems. 

Initial Screening - This process has been demonstrated to effectively treat soil contaminated with 
VOCs. Bench-scale tests on soil with nitrated aromatic contaminants have shown soil washing to be 
effective (USEPA, 1990a), but effectiveness is largely dependent on site-specific soil properties. This 
process is most suitable for sites where contaminants are adsorbed to clay particles, which is not the case 
at the northern industrial areas (contaminants are generally associated with silty sand). However, the 
effectiveness of soil washing for explosives-contaminated soil is unknown and the ability to formulate a 
suitable washing fluid (i.e. result in adequate efficiency) may be difficult. Washing fluids may also be 
difficult to recover, recycle, or treat, which would increase the cost of the process. This process is not 
readily available. For these reasons, soil washing is eliminated from further consideration. 

Stabilization/Solidification. Description - Stabilization converts a waste to a more chemically or 
physically stable form, utilizing a chemical reaction to immobilize a toxic compound. Solidification 
processes add binding agents to a waste, and the product is a solid material that is resistant to leaching. 
Binding agents could include cement, pozzolan, silicates, thermoplastics, and organic polymers. The goal 
of these processes is to reduce the mobility of contaminants by reducing the ability for contaminants to 
leach from contaminated soil. A stabilization/solidification system generally consists of a materials 
handling system, a mixing unit, a curing area, and an area for final disposal. 

Initial Screening - This treatment technique has been very effective in stabilizing inorganics, but 
less effective in immobilizing organics. Halides, cyanides, semivolatile organics, polynuclear aromatic 
hydrocarbons (PAHs), and soluble salts of manganese, tin, zinc, copper, and lead may interfere with the 
bonding of waste materials. Stabilization/solidification is largely ineffective on organic compounds and 
has not been proven effective for soil contaminated with explosives compounds. Although the soil is 
treated to reduce leaching, the explosives compounds themselves would not be transformed or destroyed, 
and tests have shown that the stabilized mass could release explosives compounds at a rate similar to 
that of untreated soil (Sisk, 1993). This process option would provide little reduction in mobility of 
contaminants, and does not reduce contaminant toxicity or volume. For these reasons, this technology 
is eliminated from further consideration. 

4.2.6 In-SKu Soil Treatment 

ln-situ treatment offers the advantage of treating soil without the prerequisite of excavation. 
Methods which apply to surface soil, subsurface soil, or to both have been developed. However, many 
of these methods are not proven, and effectiveness is highly dependent on site-specific characteristics. 
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4.2.6.1 Blomlning. Description - Biomining utilizes various plants to extract contaminants from 
near-surface soil. Studies have shown that some plants preferentially uptake certain compounds and 
store them in plant tissues. Explosives compounds have been removed from contaminated soil by bush 
beans, wheat, blando brome, and jimson weed (Cataldo et al., 1989; Cataldo et al., 1990; Fialka, 1992). 
After appropriate site preparation, seeds or seedlings are planted and allowed to grow. Mature plants 
are disposed of by incineration or some other appropriate method. 

Initial Screening - Although controlled experiments have demonstrated plant uptake of explosives 
compounds, applicability for the surface soil at the northern industrial areas would need to be proven. 
This method would only treat near-surface soil in the surface soil root zone. The plant type that could 
most efficiently extract contaminants would need to be determined. In one study, RDX concentrations in 
soil have been reduced by 10 to 55% with various plants (Cataldo et al., 1990). The materials necessary 
for implementing this process would be relatively easy to obtain. The primary drawback of this technology 
is the inability to treat soil that is deeper than the root zone. Plant roots generally penetrate several inches 
below the ground surface; however, soil at the northern industrial areas is estimated to contain explosives 
compounds above the risk-based remedial action objective of 25 /yg/g for 2,4,6-TNT-related compounds 
and 10 pg/g for RDX-related compounds to a maximum depth of 10 feet below the ground surface at the 
northern industrial areas. Disposal of contaminated plants, either by composting or incineration, adds 
significant cost to the process. Therefore, biomining is eliminated from further consideration in the 
alternatives assembly. 

4.2.6.2 In-SItu or Intrinsic Biodegradation. Description - Biodegradation is a natural process 
in which contaminants are degraded by indigenous soil microorganisms. In-situ or intrinsic 
biodegradation offers the advantage of avoiding excavation while treating the contaminated soil. Intrinsic 
biodegradation has been demonstrated to be effective for treatment of hydrocarbons and other petroleum 
constituents, chlorinated solvents, and wood preserving wastes such as cresols and phenols. The natural 
processes may occur under either aerobic or anaerobic conditions. The acceptability of intrinsic 
biodegradation as a remediation process depends on the presence of three factors: (1) demonstrated 
reductions in mass of contaminants in the soil; (2) demonstrated presence of biodegradation products 
and proper conditions for their formation; and (3) laboratory/pilot-scale demonstrations of the process 
under controlled conditions. 

Aerobic conditions allow destruction of certain contaminants faster than under anaerobic 
conditions. Aerobic conditions could be enhanced with an in-situ process by injecting air or hydrogen 
peroxide into the contaminated soil zone through injection wells. Biological activity of indigenous 
microorganisms could also be enhanced by injecting nutrients into the contaminated zone. 

Initial Screening - It is well known that 2,4,6-TNT degrades in soil, most likely by acting as an 
electron acceptor for indigenous microorganisms during metabolism of other organic compounds. In-situ 
or intrinsic biodegradation potentially could treat the explosives compounds detected in the soil at the 
northern industrial areas. Enhanced in-situ biodegradation has traditionally been used for gasoline and 
diesel contaminants, but its performance on contaminants such as explosives compounds is unknown. 
Based on the discussion of ex-situ biological treatment processes in Section 4.2.5.2, the toxicity reduction 
of explosives-contaminated soil treated under unaerated conditions appear to be greater than under 
aerated conditions; therefore, the addition of oxygen may not be an attractive option. 

Intrinsic biodegradation is not subject to control, and the proper conditions of pH, conductivity, 
and nutrient availability would be necessary for this process to be effective. Monitoring would need to 
be performed to determine if these conditions exist and if they could be maintained. Extensive pilot-scale 
research would be necessary to ensure that more harmful byproducts are not produced and introduced 
to the soil or groundwater as a result of the biodegradation of explosives compounds. Because intrinsic 
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biodegradation may be occurring and could be enhanced by in-situ processes, it is retained for further 
consideration. 

4.2.6.3 In-Situ Soil Flushing. Description - This process uses an appropriate washing solution 
to mobilize organic contaminants from soil. The area to be treated would be flooded with washing 
solution, which percolates downward through the contaminated zone. An aggressive approach may be 
taken by using ponds or sprinklers to flush the contaminated zone. Contaminants are mobilized by 
solubilization, formation of emulsions, or by chemical reaction. The solution could be captured by 
extraction wells after leaching into the aquifer. The washing solution could be treated and/or recycled. 
The solution must be captured to prevent further contamination of the aquifer or surrounding, 
uncontaminated areas. Groundwater extracted from the aquifer could then be pumped, treated, and 
reapplied to the surface of the contaminated zone. 

Initial Screening - This technology has the potential to treat most of the organic contaminants 
detected in the soil at the northern industrial areas, but would need to be implemented along with a 
remediation system for groundwater. However, there are a large number of potential problems associated 
with implementing this remedial option at the site. First, use of in-situ flushing would affect the local 
hydrology (by causing a groundwater "mound" to form under the soil being treated) and would change 
the existing concentrations of contaminants in the shallow groundwater zone (by mixing contaminated 
leachate with the existing groundwater, which may be contaminated). Secondly, the groundwater mound 
expected to form under the flushing system would cause lateral movement of contaminants and spread 
the area of contaminated groundwater. The thickness of the vadose zone (approximately 40 to 90 feet 
depending on the location of the load line) makes it difficult to predict the transit time from the surface 
to the aquifer and the resulting contaminant concentrations in the leachate. Finally, the aquifer underlying 
MAAP is thick (greater than 200 feet), laterally extensive, and highly transmissive. It is currently being 
used as a drinking water source by the facility and off-site residents. The flushing process may cause 
further contamination of this resource. For these reasons, soil flushing is eliminated from further 
consideration in the alternatives assembly. 

4.2.6.4 In-Situ Vitrification (ISV). Description - In the ISV process, contaminated soil is melted 
in place, binding the contaminants in a glassy, resistant, solid matrix form. Electrodes are inserted into 
the soil and conductive material is placed between them to aid the electrical conductance. Electrical 
current is transferred to the surrounding soil and the soil is melted, incorporating the nonvolatile 
contaminants. Organic components are pyrolyzed, and the byproducts travel to the vitrified surface where 
they combust. A hood is placed over the contaminated area in order to trap any volatiles which may be 
generated. Inorganics are trapped within the vitrified mass. 

Initial Screening - This process has the potential to treat the contaminants of concern within the 
soil at the northern industrial areas. However, the presence of shallow groundwater or perched water may 
cause complications in this system. Additionally, applying high electrical currents to the soil and the 
presence of molten soil may be extremely dangerous around active load lines within the northern industrial 
areas. Although this process has the potential to effectively remove organics and to immobilize heavy 
metals, it has not been adequately demonstrated for explosives compounds. This process has not been 
widely used on this scale, and its practical application is not well known. For these reasons, ISV is 
eliminated from further consideration. 

4.2.6.5 In-Situ Stabilization/Solidification. Description - In-situ methods of stabilization and 
solidification attempt to achieve the same objectives as ex-situ stabilization and solidification, without 
excavating the soil to be treated. In-situ application methods include surface application of liquid binding 
agents for shallow treatment; mixing with backhoes, draglines, or other earthmoving equipment; or the 
use of injection/mixing methods. Injection/mixing methods use hollow augers to bore into the 
contaminated soil and inject binding agents. The soil is mixed by rotating the auger, which has mixing 
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blades or fins attached. Treated soil forms a solid column and treated columns are overlapped to ensure 
complete soil treatment. 

Initial Screening - ln-situ methods are available to apply and mix binding agents into soil up to a 
depth of approximately 50 feet, which would be applicable at the northern industrial areas. This treatment 
technique has been very effective in stabilizing inorganics, but ineffective for binding organic compounds. 
For the same reasons as discussed for ex-situ stabilization/solidification, this treatment option is eliminated 
from further consideration. 

4.2.7 Off-Site Treatment 

4.2.7.1 Off-Site Incineration. Description - Source materials excavated from the northern 
industrial areas could be incinerated off site. Excavated materials would be transported and treated at 
an appropriate facility. Analytical data indicating the constituency of the waste would be required upon 
delivery of the waste. 

Initial Screening - Incineration would permanently reduce the toxicity, volume and mobility of 
contaminants. However, incineration at an off-site facility would be very costly because permitting and 
facility fees would be very expensive. The nearest off-site incinerator accepting explosives-contaminated 
soil is located in Calvert City, Kentucky, which is approximately 200 miles from Milan, Tennessee. The 
estimated price for incineration of the contaminated soil is approximately $1,700 per ton. Transportation 
costs for hazardous waste (assuming, in the worst case, that some of the soil is a hazardous waste) are 
approximately $30 per ton for a 400-mile round trip. Although off-site incineration would permanently 
reduce the toxicity, volume and mobility of contaminants, the costs incurred are not competitive for larger 
quantities. Therefore, this option is eliminated from further consideration, unless it is found that only small 
quantities of soil need to be excavated and treated. 

4.2.8 Disposal 

Options for disposal of contaminated soil and/or treatment residuals would be necessary only in 
cases where source excavation was implemented. As discussed in Section 3.4.1, the contaminated soil 
from the northern industrial areas is not classified as a RCRA-listed hazardous waste, and the 
contaminated soil does not contain sufficient quantities of explosives compounds to be classified as 
reactive hazardous waste. However, the explosives compounds within the contaminated soil from the 
northern industrial areas may generate a toxic leachate. Because the contaminated soil would be 
considered hazardous through failing TCLP, a treatment step would be needed prior to disposal. If the 
treated soil is not a hazardous waste, but contains low levels of explosives compounds or associated 
treatment residuals, it would be disposed as a solid waste. However, if the soil was treated to the extent 
that regulators would consider the treated soil uncontaminated, the soil could be backfilled into the 
excavated space. Disposal options apply to source materials which have been treated or not treated. 

4.2.8.1 On-Srte Landfill. Description - As previously mentioned, the treated soil from the northern 
industrial areas may contain low levels of explosives compounds and treatment residuals. Therefore, it 
may be appropriate to design an on-site landfill for disposal of treated soil according to either RCRA 
Subtitle C or Subtitle D guidelines. 

Initial Screening - The use of on-site landfills would require meeting all applicable and substantive 
requirements of either Subtitle D or Subtitle C of 40 CFR 210-220 concerning the siting, design, 
construction, closure, and post-closure care of facilities. However, the potential liability associated with 
off-site transport is eliminated. Also, under the LDRs, untreated hazardous wastes may not be land- 
disposed. If the treated soil is not considered a hazardous waste, but contains low levels of explosives 
compounds or associated treatment residues, it may be disposed in a Subtitle D solid waste landfill. 
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Because soil treated using biological treatment processes may contain explosives compounds or 
biodegradation byproducts, on-site landfilling is retained for further consideration. 

4.2.8.2 Backfill Treated Soil. Description - Source materials could be backfilled into the 
excavated space after treatment, provided that it is treated to the extent that the regulators would consider 
the treated soil uncontaminated rather than a hazardous or solid waste. This option could be easily 
implemented subsequent to on-site treatment of contaminated soil. Analytical data of the treated soil 
would be necessary to ensure compliance with environmental regulations. 

Initial Screening - This option would provide an easily implementable and cost effective method 
for disposal of treated soil. Finding an alternative disposal site for treated soil and obtaining clean backfill 
from another source and hauling it to the site would be avoided. However, large quantities of clean soil 
are available at MAAP. Chemical analysis of treated soil would be required before backfilling to verify that 
the treated soil is not a solid or hazardous waste. This option is retained for further consideration in the 
alternatives assembly. 

4.2.8.3 Off-Site Landfill. Description - An off-site solid waste (RCRA Subtitle D) or hazardous 
waste (RCRA Subtitle C) facility could be utilized for soil, depending on the nature of the excavated source 
materials. Analytical data collected from the waste would be required upon delivery of the waste. 

Initial Screening - This process option could effectively immobilize the waste materials, but would 
be difficult to implement and costly. Explosives-contaminated soil would have an associated leachable 
toxictty, therefore, the soil would be disposed as a hazardous waste. The nearest hazardous waste landfill 
is in Alabama, so the cost of transportation would be excessive for the potentially large quantity of soil 
to be disposed. Transportation required for off-site disposal increases the short-term risks of an accident 
and subsequent public exposures. Off-site disposal would also raise long-term liability issues. Therefore, 
this option is eliminated from further consideration. 

4.3       SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

The remedial technologies and process options which have been evaluated are presented in 
Figure 4-1, along with the results of initial implementability, effectiveness, and cost screening. Each of 
the remedial technologies and process options which were retained for consideration could be 
implemented individually or combined using several process options. 
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Remedial Technologies Retained for the Alternatives Assembly 
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5.0       DEVELOPMENT OF REMEDIAL ALTERNATIVES FOR SOIL 

This section develops remedial alternatives for the site which reduce human health risks 
associated with contaminated soil around the northern industrial areas. Development of remedial 
alternatives must conform to the requirements identified in CERCLA as amended and, to the maximum 
extent possible, the NCP. Section 300.68 of the NCP specifically refers to ARARs in the development of 
alternatives. CERCLA section 121(d) requires that Superfund remedial actions attain ARARs or other 
Federal statutes unless specific waivers are granted. Superfund remedial actions must also attain State 
requirements that are more stringent than Federal requirements to the extent that they are also ARARs 
and are identified to the USEPA in a timely manner. 

CERCLA Section 121(b) identifies the following statutory preferences when developing and 
evaluating remedial alternatives: 

Remedial actions involving treatment which permanently and significantly reduce the 
volume, toxicity, or mobility of the contaminants or hazardous substances are preferred 
over remedial actions not involving such treatment; 

Off-site transport and disposal of hazardous substances or contaminated materials 
without treatment is considered to be the least favored remedial action alternative when 
practical treatment technologies are available; and 

• Remedial actions using permanent solutions, alternative treatment technologies, or 
resource recovery technologies shall be assessed. 

Based on these statutory preferences, remedial alternatives were developed combining one or more 
general response actions in order to satisfy the following criteria: 

Alternatives were compared using the No Action alternative as a baseline; 

Remedial alternatives that are protective of human health and the environment; 

Remedial alternatives that attain chemical-specific ARARs and could be implemented 
consistently with location-specific and action-specific ARARs; 

Remedial alternatives that use permanent solutions and treatment technologies to the 
maximum extent possible; and 

Remedial alternatives that are capable of achieving a remedy in a cost-effective manner. 

Technology types were screened in Section 4 based on three factors: implementability, to 
eliminate those technologies which are not feasible due to general site conditions such as the volume of 
soil or the capacity of the treatment process; effectiveness, to eliminate technologies which generally have 
not been proven effective in reducing the contaminants of concern at this site; and cost, to discard 
technologies which are very costly and do not offer advantages over other technologies. In this section, 
the screened technologies are assembled into remedial alternatives based on the above-listed criteria! 
Alternatives are incorporated into each of the following general response actions: 

• No Action; 
• Limited Action; and 

Excavation, On-Site Treatment, and Disposal. 
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Section 5.1 describes Alternative A: No Action, and Section 5.2 describes Alternative B: Limited Action. 
These two alternatives do not incorporate treatment components but provide a basis to which active 
treatment alternatives may be compared. The general response actions that were retained following 
technology screening have been combined into two general response actions to create alternatives 
capable of meeting the above preferences and criteria. Two on-site excavation, treatment, and disposal 
alternatives were developed to remove contaminated soil to below risk-based levels, treat the excavated 
soil to remove contamination (using thermal or biological processes), and dispose of the treated soil. The 
excavation, treatment, and disposal options would reduce direct exposure to the contaminants and protect 
the groundwater. A containment option was developed within each of the excavation, treatment, and 
disposal alternatives to cover explosives-contaminated soil in areas where excavation may be 
uneconomical or impractical (i.e. where the stability of a building foundation may be compromised by 
excavation). Section 5.3 discusses the two on-site excavation, treatment, and disposal alternatives. 

5.1 ALTERNATIVE A:  NO ACTION 

The No Action alternative, Alternative A, has been developed to provide a basis for comparing 
active treatment alternatives. The NCP and CERCLA, as amended by SARA, require the evaluation of this 
alternative as a baseline for comparison of risk reduction achieved by each treatment alternative. The No 
Action alternative does not involve any remedial actions. Five-year reviews of site conditions are required 
by CERCLA because contamination remains at the site. 

5.2 ALTERNATIVES:  LIMITED ACTION 

The Limited Action alternative, Alternative B, has been developed to reduce the potential for public 
exposure to the contaminated media. The toxicity, mobility, or volume of contaminants would not be 
reduced. As described in Section 4, such measures would include institutional restrictions, access 
restrictions, public education programs, possible long-term environmental monitoring, and five-year 
reviews. This alternative would consist of continued maintenance of the existing fences around the 
northern industrial areas. These activities would be performed under a Memorandum of Agreement with 
USEPA Region IV and the Tennessee Department of Environment and Conservation (TDEC). 

5.3 EXCAVATION WITH ON-SITE TREATMENT AND DISPOSAL 

Excavation, storage, on-site treatment, and disposal is the third general response action. 
Incineration and biological treatment are the two on-site treatment alternatives developed under this 
general response action. 

5.3.1  Alternative C:  Excavation/Storaqe/lnclneratlon/Backflll 

The four components of this alternative are excavation, storage, on-site treatment, and backfilling 
of the treated soil. The excavated soil would be treated utilizing a mobile rotary kiln incinerator. 
Excavation could be performed using conventional construction equipment such as drag lines, backhoes, 
or other heavy earthmoving equipment. The following scenarios are evaluated in Section 6: 

• Excavation of the soil from the northern industrial areas with concentrations of 
explosives compounds greater than 25 fig/g for 2,4,6-TNT-related compounds 
and 10 /L/g/g for RDX-related compounds. Excavation would be performed to a 
maximum depth of 10 feet. The total volume excavated has been estimated to be 
approximately 22,200 cubic yards. 
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• Excavated soil would be stockpiled for treatment in a covered storage facility. 

Rotary kiln incineration is proposed as the on-site treatment technology because it has been 
demonstrated to be effective and implementable on explosives-contaminated soil (USAEC, 1984; USAEC, 
1992a). After the contaminated soil is incinerated, laboratory analyses of the treated soil would be 
performed to confirm the effectiveness of the treatment. Because incineration is expected to reduce the 
levels of explosives compounds to below analytical detection limits, the soil would be considered 
uncontaminated; therefore, the treated soil would be backfilled into the areas where the explosives- 
contaminated soil was excavated, covered with topsoil, and revegetated. 

Containment of explosives-contaminated soil is proposed where excavation of the contaminated 
soil would be uneconomical or impractical. Large excavations in the vicinity of active load lines may be 
dangerous to workers within the areas. In some cases, excavation activities performed adjacent to large 
buildings could undermine the foundation of the building. With the containment option, the contaminated 
soil would be left in place and passive controls would be instituted to eliminate direct exposure to the 
contaminants in the soil and to protect groundwater quality. Containment measures such as an 
engineered cap would reduce direct exposure to the contaminated soil and protect the groundwater. The 
engineered cap would be designed to meet all Federal and State relevant and appropriate requirements 
which require a cap to have a permeability less than or equal to the permeability of the natural subsoils 
at the site. The cap could be constructed of earthen materials (i.e. clay) or man-made materials (i.e. 
asphalt). The construction of the proposed cap would include a layer of asphalt over a gravel base. An 
engineered cap would decrease contaminant mobility and eliminate the possibility for human exposure 
to contaminated soil, but would not reduce the toxicity or volume of the contaminants. 

5-3-2 Alternative D: Excavatlon/Storaae/Bloloaical Treatment/On-Stte Landfill 

The four components of this alternative are excavation, storage, on-site biological treatment, and 
on-site disposal of the treated soil in a solid waste landfill. The excavated soil would be treated utilizing 
either windrow composting, aerobic bioslurry, or anaerobic bioslurry. Excavation, soil handling, and the 
construction of the optional engineered caps would be performed in a similar manner to Alternative C. 

Biological treatment is proposed as the on-site treatment technology for the contaminated soil at 
the northern industrial areas. Windrow composting has been chosen as a biological treatment option 
because field-scale tests have demonstrated effective concentration reduction and toxicity reduction of 
explosives-contaminated soil (USAEC, 1992a; USAEC, 1993d). Aerobic bioslurry has also been chosen 
as an on-site treatment option for the contaminated soil because bench-scale tests have demonstrated 
effective treatment of soil contaminated with 2,4,6-TNT (Zappi, et al., 1993). Bench-scale and field-scale 
tests with anaerobic bioslurry reactors have also demonstrated effective treatment of soil contaminated 
with explosives compounds. After the contaminated soil has been treated, laboratory analyses of the 
treated soil would be performed to confirm the effectiveness of the treatment. If the levels of explosives 
compounds in the treated soil were below 20 /ig/g (separately for 2,4,6-TNT-related compounds and RDX- 
related compounds) and the soil passes the TCLP and Paint Filter Liquid Test, the treated soil would be 
disposed in an on-site solid waste landfill. The treatment goal of 20 fjg/g (separately for 2,4,6-TNT-related 
compounds and RDX-related compounds) has been chosen based on the limit of the treatment 
technology. Treated soil would be placed in a solid waste landfill because the biotransformed and non- 
biodegraded explosives compounds remaining in the soil would have an unknown toxicity. Therefore the 
soil would be placed in a controlled environment (i.e. a solid waste landfill) where it would be isolated from 
human and ecological receptors and would not leach contaminants to the groundwater. 
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5.4       SUMMARY OF REMEDIAL ALTERNATIVES 

Four alternatives have been developed, including a No Action alternative (Alternative A), a Limited 
Action alternative (Alternative B), and two treatment alternatives varying from on-site incineration 
(Alternative C) to biological treatment (Alternative D). A summary of these alternatives is presented in 
Table 5-1. Section 6 provides a detailed evaluation of these alternatives. 
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TABLE 5-1 
SUMMARY OF ALTERNATIVES 

ALTERNATIVE COMPONENTS OF 
ALTERNATIVE 

A •  No Action 

B •  Limited Action 

C • Excavation 
• Storage 
• Rotary Kiln Incineration 
• Backfill and Cover with Topsoil 
• Optional Engineered Caps 

D • Excavation 
• Storage 
• Biological Treatment 

- Windrow Composting 
- Aerobic Bioslurry 
- Anaerobic Bioslurry 

• On-Site Solid Waste Landfill 
• Optional Engineered Caps 

5-5 



6.0       DETAILED EVALUATION OF REMEDIAL ALTERNATIVES 

The remedial alternatives that were developed in Section 5 are being evaluated in detail as a 
means of reducing risks associated with exposure to explosives-contaminated soil by workers and 
protecting groundwater quality. The assessment consists of evaluating each alternative using the nine 
criteria listed in the NOP. 

The purpose of this detailed evaluation of alternatives is to provide performance and cost data 
which could be utilized to evaluate further remedial action at the northern industrial areas above and 
beyond existing and planned remedial activities (the O-Line Ponds multi-media cap; the groundwater 
extraction and treatment system at the O-Line Ponds area for OU1; and the O-Line Ponds Cap Extension 
for OU2). It should be noted that the cost estimates are reasonably conservative and are based on 
presently available data. 

6.1        NINE EVALUATION CRITERIA 

Section 300.430(e) of the NCP lists nine criteria against which each remedial alternative must be 
assessed. The acceptability or performance of each alternative against the criteria is evaluated 
individually so that relative strengths and weaknesses may be identified. The detailed criteria are as 
follows: 

1) Protection of human health and the environment; 
2) Compliance with ARARs; 
3) Long-term effectiveness and permanence; 
4) Reduction of toxicity, mobility, or volume through treatment; 
5) Short-term effectiveness; 
6) Implementability; 
7) Cost; 
8) State acceptance; and 
9) Community acceptance. 

The NCP (Section 300.430(f)) states that the first two criteria, protection of human health and the 
environment and compliance with ARARs, are "threshold criteria" which must be met by the selected 
remedial action unless a waiver is granted under Section 121 (d)(4) of CERCLA. Criteria 3 through 7 are 
■primary balancing criteria", and the trade-offs within this group must be balanced. The preferred 
alternative will be the alternative which is protective of human health and the environment, ARAR- 
compliant, and would provide the best combination of primary balancing attributes. The final two criteria, 
state and community acceptance, are "modifying criteria" which are evaluated following the comment 
period on the RI/FS reports and the Proposed Plan. 

6.1.1  Protection of Human Health and the Environment 

A determination and declaration that this criterion will be met by the proposed remedial action 
must be made in the ROD; therefore, this is a threshold criterion which must be met by the selected 
remedy. This criterion would be met if the risks associated with human exposure to explosives- 
contaminated soil are eliminated, reduced, or controlled through treatment, engineering, or institutional 
controls, and if the remedial action is protective of the environment. 
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6.1.2 Compliance with ARARS 

Compliance with ARARs is also a threshold criterion which must be met by the proposed remedial 
action. The alternative will meet this criterion if all chemical-specific, action-specific, and location-specific 
ARARs are met by the alternative. TBC guidance, such as health advisories or risk-based remediation 
goals are goals for this remedial action. This criterion will be used to determine if all chemical-specific, 
action-specific, location-specific, and TBC guidance are met. For those ARARs which are not met, a 
determination will be made as to whether a waiver is appropriate. 

6.1.3 Long-term Effectiveness and Permanence 

The level of risk associated with treatment residuals and/or untreated waste after implementation 
of the remedial alternative will be evaluated. Components of this analysis include the following: 

• The magnitude of residual risk based on factors such as volume, toxicity, and mobility of 
contaminants, and their propensity to biodegrade or bioaccumulate. 

• The adequacy and reliability of controls, including the need to maintain, upgrade, or 
replace the treatment or containment systems. 

6-1.4 Reduction of Toxlcrtv. Mobility, or Volume through Treatment 

The statutory preference for remedial technologies that significantly and permanently reduce the 
toxicity, mobility, or volume of the waste is addressed by this criterion. The following factors are 
considered: 

The amount of hazardous materials that will be destroyed or treated; 

The degree of expected reduction in toxicity, mobility, or volume; 

The degree to which the treatment will be irreversible; and 

The type and quantity of treatment residuals that will remain following treatment. 

6.1.5 Short-Term Effectiveness 

The effects of the remedial alternative from construction and implementation to completion of the 
remedial alternative are addressed under this criterion. The following factors will be addressed: 

Protection of the community during the remedial action, including the effects of dust from 
excavation, transportation of excavated materials, and air-quality impacts from on-site 
treatment; 

• Protection of workers during the remedial action; 

Environmental impacts of the remedial action; and 

• Time required to achieve remedial response objectives. 
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6.1.6 Implementabllltv 

The technical and administrative feasibility of implementing the remedial action will be addressed. 
The technical feasibility will be evaluated on the basis of ease of construction and maintenance, reliability 
of the selected technology, and the ease of coordinating the technology with remedial actions for other 
OUsatMAAP. 

6.1.7 Cost 

The capital costs, operating and maintenance costs, and present worth of each remedial action 
will be considered. In addition, the accuracy of the cost estimates will be considered. Cost sensitivity 
analyses may be performed if it is determined that a large amount of uncertainty exists in assumptions 
made for costing. 

6.1.8 State Acceptance 

State acceptance, a "modifying criterion", will be evaluated following the comment period for this 
Focused FS report and the Proposed Plan. 

6.1.9 Community Acceptance 

Community acceptance, a "modifying criterion", will be evaluated following the comment period 
for this Focused FS report and the Proposed Plan. 

6.2       DETAILED ANALYSES OF ALTERNATIVES 

6.2.1  Alternative A: No Action 

6.2.1.1 Description. Under this alternative, no further action would be taken to address 
contamination at the northern industrial areas. The No Action alternative is intended to serve as a 
baseline with which to compare the risk reduction effectiveness of other potential alternatives. For the No 
Action alternative, it is assumed that future use of the northern industrial areas would be industrial. It is 
also assumed that the areas outside of the industrial areas could be developed for residential use. In this 
case, residents could be exposed to contaminants that leach from soil into the groundwater. Five-year 
reviews would be required by the NCP because contamination would remain at the northern industrial 
areas. 

6.2.1.2 Overall Protection of Human Health and the Environment. The potential risks to human 
health and the environment presented in the remedial action objectives are based on the No Action 
alternative. The No Action alternative does not decrease the potential risks to humans or the environment 
in any way, as no remedial activities would be implemented at the northern industrial areas under this 
alternative. Therefore, the No Action alternative would not be protective of human health and the 
environment because the risks associated with ingestion of contaminants that leach to groundwater from 
the soil and migrate to nearby hypothetical residential areas and direct contact with explosives- 
contaminated soil by workers would continue to be above the acceptable risk range. 

6.2.1.3 Compliance with ARARs. There are no promulgated standards for levels of explosives 
compounds in soil. Therefore, chemical specific ARARs do not apply to this action. Because no remedial 
activities would be implemented under the No Action alternative, location-specific and action-specific 
ARARs also do not apply. 
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6.2.1.4 Long-Term Effectiveness and Permanence. Over the long term, this alternative would 
not be effective in controlling worker exposure to explosives-contaminated soil or the leaching of 
explosives compounds to groundwater. However, over time, the levels of explosives compounds in the 
surface soil may be reduced by intrinsic biodegradation of the explosives compounds within the soil or 
by leaching of the explosives compounds to the groundwater. 

6.2.1.5 Reduction of Toxiclty, Mobility, or Volume Through Treatment. Implementation of the 
No Action alternative would not result in a reduction of toxicity, mobility, or volume through treatment. 
However, over time, a reduction in the mass of explosives compounds within the soil may occur through 
intrinsic biodegradation. 

6.2.1.6 Short-Term Effectiveness. There would be no short-term risks associated with the No 
Action alternative because no additional remedial activities would be implemented at the northern 
industrial areas for the explosives-contaminated soil. 

6.2.1.7 Implementabllity. There would be no implementability concerns associated with the No 
Action alternative because no further remedial activities would be conducted at the northern industrial 
areas for the explosives-contaminated soil. 

6.2.1.8 Cost. There would be no cost associated with the No Action alternative because no 
remedial activities would be conducted at the northern industrial areas. 

6.2.2 Alternative B:  Limited Action 

6.2.2.1 Description. The Limited Action alternative would include implementation of the following 
actions: 

• Institutional restrictions to limit future land uses to industrial usage; 
• Maintenance of existing fences to prevent trespassers from being exposed to the 

explosives-contaminated soil; 
• Public education programs; and 
• Five-year reviews. 

Institutional controls include continued access restrictions, deed restrictions, and land use 
restrictions. Access restrictions include administrative actions to levy fines against trespassers and long- 
term maintenance of the fences currently in place around the northern industrial areas. Deed and land 
use restrictions would limit the future uses at the individual sites and require permits, qualified supervision, 
and health and safety precautions for any activities conducted in the vicinity of the northern industrial 
areas. Education programs would be developed to inform workers and local residents of the potential 
site hazards. 

Five-year reviews are required by the NCP at all sites where hazardous chemicals remain 
untreated. The review would analyze available data to make a determination as to whether additional 
remedial actions would be required at the northern industrial areas. 

6.2.2.2 Overall Protection of Human Health and the Environment. Compared to the No Action 
alternative, this alternative would provide a minimal reduction in human health risks by limiting future use 
and development of the affected areas of the northern industrial areas. Intrinsic biodegradation of the 
explosives compounds by indigenous microorganisms within the soil and leaching of the explosives 
compounds to the groundwater would still occur under this alternative. This alternative would not include 
further action to reduce, eliminate, or contain the source, or to reduce contaminant migration. Therefore, 
the Limited Action alternative would not satisfy this criterion. 
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6.2.2.3 Compliance with ARARs. There are no promulgated standards for levels of explosives 
compounds in soil. Therefore, chemical specific ARARs do not apply to this action. Because no remedial 
activities would be implemented under the No Action alternative, location-specific and action-specific 
ARARs also do not apply. 

6.2.2.4 Long-Term Effectiveness and Permanence. Since treatment or containment of the 
explosives-contaminated soil would not be performed, risks would not be reduced below the current risks 
posed by the explosives-contaminated soil at the northern industrial areas. Therefore, workers would 
continue to be exposed to levels of explosives compounds above risk-based levels and the explosives 
compounds would continue to leach to the groundwater from the soil. However, the chemical 
concentrations in the soil may be reduced over many years by intrinsic biodegradation of the explosives 
compounds within the soil or by leaching of the explosives compounds into the groundwater. 

6.2.2.5 Reduction of Toxicity, Mobility, or Volume Through Treatment. Implementation of the 
Limited Action alternative would not result in the reduction in the toxicity, mobility, or volume of the 
explosives-contaminated soil at the northern industrial areas because removal or treatment of the 
explosives-contaminated soil would not be components of this alternative. However, over time, a 
reduction in the mass of explosives compounds within the soil may occur through intrinsic biodegradation. 

6.2.2.6 Short-Term Effectiveness. There would be no short-term risks associated with the 
Limited Action alternative because no additional remedial activities would be implemented at the northern 
industrial areas for the explosives-contaminated soil. 

6.2.2.7 Implementablllty. All components of Alternative B are feasible and could be easily 
implemented. All necessary equipment and materials required for implementation of this alternative are 
readily available. Administrative implementation of this alternative would require coordination between 
MAAP, TDEC, and USEPA Region IV to ensure continuity of the long-term management and monitoring 
of the sites. 

Five-year reviews would be required as part of the long-term monitoring program because residual 
contaminants would remain on site. Implementation of Alternative B would be consistent with any 
additional future actions at the site. In fact, all components of Alternative B are also components of each 
of the alternatives evaluated for the northern industrial areas, with the exception of Alternative A (No 
Action). 

6.2.2.8 Cost. The capital costs are estimated to be $27,000 for this alternative, as itemized in 
Table 6-1. Annual O&M costs are $39,000. Total present worth costs for this alternative based on a 30- 
year (5% discount rate) implementation period are $626,000. Maintenance of the existing fences is 
included in the annual operating cost for this alternative. Contingencies associated with the Limited Action 
alternative would be minimal because this alternative does not include any complex treatment or design 
components. 

6.2.3 Alternative C: Excavatlon/Storaoe/Inclneratlon/Backfill 

6.2.3.1 Description. This alternative would consist of excavating soil from the northern industrial 
areas that is contaminated with explosives compounds above the risk-based remedial action objective of 
25 jug/g for 2,4,6-TNT-related compounds and 10 /ig/g for RDX-related compounds to a maximum depth 
of 10 feet, followed by on-site thermal treatment. The treated soil would be used as backfill for the areas 
where explosives-contaminated soil was excavated. Clean soil from a borrow area at MAAP would be 
used to resurface the backfilled areas, and the areas would be revegetated. The detailed analysis is 
based on rotary kiln incineration technology, which has been effectively demonstrated for the remediation 
of explosives-contaminated soil in previous pilot-scale studies (USAEC, 1984). Using incineration, 
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• 

excavated soil would be treated to levels that would be acceptable for placement of the treated soil on 
the ground. Start-up of this alternative would include characterization of the soil to be treated and a test 
burn to optimize treatment performance of the incinerator. Figure 6-1 illustrates a process flow diagram 
for this alternative. Additionally, optional engineered caps would be used to cover explosives- 
contaminated soil in areas where excavation would be uneconomical or impractical (i.e. where the stability 
of a building foundation would be compromised by excavation). 

This alternative would also include institutional restrictions, maintenance of the existing fences and 
public education programs as described in Alternative B. 

6.2.3.2 Excavation. The estimated volume of the explosives-contaminated soil to be excavated 
incorporates a twenty percent bulking factor for the increase in soil volume upon excavation. Additionally, 
soil density is assumed to be 1.7 tons per cubic yard (125 pounds/cubic foot). Based on the results of 
sampling at Line B (as discussed in Section 3.0), the total volume of explosives-contaminated soil to be 
excavated has been estimated to be approximately 22,200 yd3. Conventional earthmoving equipment 
such as backhoes, draglines, or other earthmoving equipment would be used for excavation of the 
explosives-contaminated soil. The rate of excavation would be adjusted to ensure that a 1.5 week buffer 
volume would be stored in the stockpile area. This stockpile would allow incineration to proceed during 
inclement weather when excavation would be difficult. 

The actual volume of soil to be excavated would be based on analysis of soil samples collected 
during excavation. Field test kits capable of analyzing soil for 2,4,6-TNT-related compounds and RDX- 
related compounds would be used to determine the concentration of explosives compounds in the soil 
removed from the excavated section relative to the risk-based remedial action objective of 25 /jg/g for 
2,4,6-TNT-related compounds and 10 /;g/g for RDX-related compounds. Also, confirmatory sampling 
would ensure that the remaining soil does not exceed the risk-based remedial action objectives developed 
in Section 3. 

The excavation areas would require site preparation by clearing and grubbing existing surface 
vegetation and stripping grass from the site. During clearing, grubbing, and excavation activities, dust 
suppression and erosion control measures would be implemented. Air monitoring stations would be 
positioned to ensure compliance with Tennessee Air Pollution regulations that govern paniculate 
emissions. 

6.2.3.3 Soil Storage. Soil would be stored in a semi-enclosed steel building to prevent 
windblown contamination, precipitation run-on to the soil pile, and run-off from the soil pile. Adequate 
space would be provided for an appropriate stockpile of soil. The height of the soil storage building 
would be designed to account for the tipping height of the dump trucks. A decontamination area would 
be provided to clean the tires of dump trucks and front-end loaders which travel into and out of the soil 
storage area. 

6.2.3.4 Rotary Kiln Incineration. The basic components of a rotary kiln incineration system 
would be the soil feed system, primary kiln, the secondary combustion chamber, air quality control 
system, and ash removal system. A process flow diagram for a typical rotary kiln incineration system is 
presented in Figure 6-2. Wastes and auxiliary fuel would enter the incinerator and be combusted with 
excess oxygen. Mixing of wastes would occur through rotation of the combustion chamber. This mixing 
would assist in the combustion of waste materials. Waste materials would be transformed into ash and 
combustion gases, including carbon dioxide and water. A secondary combustion chamber would be used 
to ensure complete combustion of gases. Off-gases would be treated to remove acid gases and 
particulates, and ash (decontaminated soil) would be removed at the lower end of the unit. This 
technology has been used for remediation of explosives-contaminated soil at SADA, Savanna, Illinois, at 
Cornhusker Army Ammunition Plant, Grand Island, Nebraska, and at LAAP, and will be implemented at 
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Alabama Army Ammunition Plant. In a pilot-scale treatability study, DREs of greater than 99.99 percent 
were achieved using a rotary kiln incinerator (USAEC, 1984). The results of these studies are presented 
in Appendix C. 

Soil Incineration at the Northern Industrial Areas. Based on the volume of soil requiring 
treatment, a mobile rotary kiln incineration system with a design soil feed rate of 5 tons per hour is 
proposed. Mobilization, set-up, and demobilization of the mobile system onto the site would be required 
and would be simpler than for a fixed unit built at the site. The rotary kiln would be automated with 
system controls and instrumentation that could continuously monitor and maintain the processing 
parameters. In the event of a process upset, the computer logic systems would be automatically 
programmed to shut off the incineration process. 

Prior to incineration, excavated soil would be hauled to a central storage building where it would 
be stockpiled. From the staging area, the soil would be sent to the incinerator feed hopper via a conveyor 
belt or other bulk loading system. The conveyor would then transfer the soil to a screw feeder which 
would feed it into the primary kiln. In order to control the feed rate, a weigh-belt conveyor could be used 
to transport the soil. This type of conveyor would utilize an electronic scale to provide closed-loop 
feedback to the main programmable logic system controller and maintain a constant feed rate. 

The primary kiln would consist of a rotating, refractory-lined cylinder which would be slightly 
inclined from the horizontal. Three inputs would enter the combustion chamber at the high end of the 
rotary kiln: waste (i.e. explosives-contaminated soil), auxiliary fuel (e.g. natural gas), and air or oxygen. 
The rotating of the combustion chamber would allow for improved mixing and combustion of 
contaminants. Upon combustion, the waste material would be reduced to flue gas and inert ash, which 
would move toward the low end of the cylinder. A stationary refractory-lined end panel would connect 
the primary kiln to both the secondary combustion chamber and the ash discharge. Discharged ash from 
the primary kiln should be free of organic content. Flue gas generated in the primary kiln would pass 
through the end panel and be fed to the secondary combustion chamber. A scalping cyclone could be 
installed after the primary kiln and prior to the secondary combustion chamber. The cyclone would further 
enhance the separation of fly ash from the flue gas generated in the incineration process. 

The secondary combustion chamber would be a stationary, refractory-lined combustion chamber 
which would operate at higher temperatures than the primary kiln, typically in the range of 2,200'F to 
2,500°F. In the secondary combustion chamber, flue gas from the primary kiln would be combusted by 
mixing with excess air and auxiliary fuel. Inert ash from both the primary kiln and secondary combustion 
chamber would be discharged onto conveyors and collected by the ash collection system. 

Flue gas exiting the secondary combustion chamber would be sent through a heat exchanger to 
reduce the flue gas temperature prior to contacting the baghouse filter collection unit. A wet scrubber 
could also be incorporated as a component of the air quality control system following the fabric filter unit. 
The wet scrubber would utilize lime or caustic soda solutions to remove fine particulates and acid gases 
from the flue gas. Residuals from the scrubber process could be neutralized, filtered, and recycled back 
to the scrubber in order to minimize wastewater discharges. The treated flue gas would flow through an 
induced draft fan and would be exhausted via a stack. To confirm compliance with the established 
emissions standards, in-line continuous samplers would be utilized to monitor the flue gas emissions. 

Waste Characterization. A composite sample of the explosives-contaminated soil from the 
stockpile area would be analyzed daily. This daily composite sample would be analyzed for various 
physical and chemical properties such as explosives concentrations, ash content, elemental analysis, and 
moisture content. The results of this analysis would be used to adjust the operating parameters of the 
mobile incinerator. A detailed discussion of the effects of these parameters on incinerator performance 
is presented in Appendix C. A daily composite sample of the treated soil would verify the effectiveness 
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of incineration. The treated soil would be analyzed for explosives concentrations, and the TCLP test. If 
the TCLP test indicates that the incinerated waste is non-hazardous, the treated soil would be backfilled 
into the area where the explosives-contaminated soil was excavated. In the event the treated soil is 
determined to be hazardous, the corresponding treated soil pile would be fed back into the incinerator 
for further treatment. 

Test Burn. Before the test burn, the soil would be analyzed to determine certain waste 
characteristics such as heating value, moisture content, ash content, elemental analysis, explosives 
content, metals content, and soil density. A test burn would be performed to determine if the incineration 
facility is capable of destroying the explosives compounds to a DRE of 99.99 percent. During the test 
burn, several factors would be monitored including the concentrations of carbon monoxide, oxygen, 
particulates, oxides of nitrogen and sulfur, and halogenated compounds in the stack gas. If all factors 
meet Federal and State compliance standards while using a representative waste stream, full-scale 
treatment would begin. 

6.2.3.5 Backfilling of Treated Soil. Explosives compounds in soil treated by incineration would 
not be present above analytical detection limits; therefore, the decontaminated soil would be suitable as 
backfill material. The treated soil would be placed into the areas where the explosives-contaminated soil 
was excavated, compacted, and covered with a layer of topsoil. 

The topsoil would be obtained from a clean area at MAAP. The appropriate soil would contain 
no explosives compounds or other organic contaminants, and levels of metals would be within the 
background range. After excavating and transporting the topsoil, it would be placed over the treated soil 
with standard earthmoving equipment. Compaction and grading of placed soil would be performed by 
conventional equipment such as a front-end loader or bulldozer. The topsoil would not be compacted 
to encourage vegetation growth. 

After placement of the topsoil, the new surface would be seeded with grasses and other durable 
vegetation. Other measures to control erosion, such as placement of geotextile erosion control materials 
on the perimeter of the soil cover, would be taken to ensure the integrity of the covering. 

6.2.3.6 Optional Engineered Caps. There are certain areas within the northern industrial areas 
where excavation of the soil containing explosives compounds above the remedial action objective of 25 
fjg/g for 2,4,6-TNT-related compounds and 10 /L/g/g for RDX-related compounds may be uneconomical 
or impractical. Large excavations in the vicinity of active load lines may be dangerous to workers within 
these areas. In some cases, excavation activities performed adjacent to large buildings could undermine 
building foundations. Under this option, select areas of explosives-contaminated soil would be left in 
place and engineered caps would be placed over areas where the soil contains explosives compounds 
above the remediation goals. The use of engineered caps would reduce direct exposure to the 
contaminants within the soil and protect groundwater quality. 

The engineered caps would be designed to prevent human exposure to the soil and minimize the 
leaching of contaminants to groundwater. The construction of the caps would include a 3-inch layer of 
asphalt over a 6-inch gravel base. The caps would be installed to extend beyond areas of explosives- 
contaminated soil, to ensure complete coverage. The engineered caps would eliminate the possibility for 
human exposure to the explosives-contaminated soil and would prevent the infiltration of rainwater through 
the soil; this would greatly reduce the leaching of explosives compounds to groundwater. 

Implementation of this option would require site preparation by clearing and grubbing existing 
surface vegetation, stripping grass from the site, and preparing the surface for placement of the 
engineered caps. During clearing and grubbing activities, dust suppression and erosion control measures 
would be implemented to control migration of contaminants via wind and stormwater erosion. 
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A gravel layer would be placed over the soil with standard earthmoving equipment to serve as 
a foundation layer. Compaction of placed gravel may be part of the placement process. However, 
surface settlements of placed gravel would probably be minimal because of the small thickness involved. 

After placement of the gravel, the asphalt layer would be applied. Asphalt would be obtained 
locally and applied using conventional paving equipment. The asphalt layer would have a lower 
permeability than the soil to be covered. 

6.2.3.7 Overall Protection of Human Health and the Environment. The excavation, incineration, 
and backfilling portion of this alternative would ensure the protection of human health and the environment 
by removing and destroying or covering the soil containing explosives compounds above risk-based levels 
in the northern industrial areas. Soil with explosives compounds greater than 25 ^g/g for 2,4,6-TNT- 
related compounds and 10 /ig/g for RDX-related compounds would be removed from the areas and 
treated, reducing the risk associated with potential migration and exposure pathways. The levels of 
explosives compounds in the excavated soil would be reduced by at least the DRE of 99.99 percent. 

The optional engineered caps would also reduce the risk levels posed by the explosives- 
contaminated soil at the northern industrial areas. Covering areas of explosives-contaminated surface soil 
in areas where excavation is uneconomical or impractical would prevent potential dermal absorption and 
incidental ingestion exposures, and leaching of explosives compounds to groundwater. After construction 
is complete, workers at the facility and potential future residents would not be exposed to the explosives- 
contaminated soil because the engineered caps would provide a physical barrier to the contaminants, and 
the caps would provide an impermeable barrier to prevent the leaching of the explosives compounds to 
groundwater. 

During the remediation activities, short-term protection of public health would be adequately 
provided through access restrictions and the minimization of airborne emissions. Personnel working at 
the excavation site would be equipped with proper personal protection equipment to minimize potential 
exposure. 

6.2.3.8 Compliance with ARARs. There are no promulgated standards for levels of explosives 
compounds in soil. Therefore, chemical specific ARARs do not apply to this action. 

All components of this alternative would be in compliance with action-specific ARARs. 
Incineration, if properly implemented and performed within the established operating parameters, would 
achieve DREs of 99.99 percent. The use of an air pollution control system would ensure compliance with 
incinerator emissions standards. In the event of a process upset, the computer logic systems would be 
automatically programmed to shut off the incineration process. Backfilling and covering of the treated soil 
would be conducted within proper regulations. Action-specific ARARs which apply to landfill and surface 
impoundment closures would be met by the optional engineered caps because the cover material would 
have a lower permeability than the underlying soil (40 CFR 264.228.). Groundwater monitoring for the 
optional engineered caps would be performed under a separate operable unit to evaluate groundwater 
protection. 

There are no location-specific ARARs that apply to this alternative. Excavation, incineration, and 
backfilling or the optional engineered caps would be performed in compliance with the State of Tennessee 
regulations concerning fugitive dust. Non-point source emissions of explosives-contaminated particulates 
by wind and stormwater erosion that could be generated during clearing, grubbing, and earthwork would 
be controlled by water spray and erosion controls. These controls would ensure compliance with 
Tennessee Air Pollution Control regulations concerning paniculate emissions (Rule 1200-3-7.03(2)) and 
the substantive requirements of the Tennessee Water Pollution Control Regulations general stormwater 
permit program for construction activities (Rule 1200-4-10.05). 
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6.2.3.9 Long-Term Effectiveness and Permanence. The excavation, incineration, and backfilling 
remedial actions proposed in this alternative would provide long-term effective and permanent protection. 
Permanent destruction and irreversible reduction of the explosives compounds within the excavated soil 
would be achieved by incineration. Incineration has been demonstrated to provide 99.99 percent DREs 
for explosives-contaminated soil at other Army ammunition plants (see Appendix C). Final concentrations 
of explosives compounds in the treated soil would be below method detection limits, which corresponds 
to an excess cancer risk of less than 1x10"5 for all exposure pathways at the site. Complete incineration, 
followed by backfilling and covering of the treated soil, would be a permanent solution to protect workers 
and groundwater quality at the northern industrial areas. 

If properly maintained, the optional engineered caps would provide long-term isolation of 
explosives-contaminated surface soil, and would prevent contaminant leaching to groundwater. Human 
exposures to surface soil via direct contact and incidental ingestion would be eliminated and groundwater 
would be protected. Additionally, the concentration of explosives compounds in the soil under the 
optional engineered caps may be reduced over many years by intrinsic biodegradation. 

Access controls that are already in place, such as the existing fences, would require maintenance. 
The optional engineered caps would require periodic maintenance to ensure their impermeability. Erosion 
control and mowing of the treated soil disposal areas would both be required. 

6.2.3.10 Reduction of Toxiclty, Mobility or Volume Through Treatment. Under this alternative, 
incineration would be used to reduce the toxicity, mobility, and volume of contaminants through treatment. 

The optional engineered caps would not include a treatment process, but rely on containment 
only. No contaminants would be treated or destroyed; therefore, toxicity and volume of the explosives- 
contaminated soil would not be reduced. However, the engineered caps would provide some reduction 
of contaminant mobility. All surface transport pathways (i.e. wind erosion and surface water runoff) would 
be eliminated, and vertical migration to groundwater would be reduced. 

6.2.3.11 Short-Term Effectiveness. Short-term risks to workers, the public, and the environment 
during construction and implementation of this alternative are expected to be minimal. Access restrictions 
would be effective in minimizing risks in the short term. Air quality would be monitored to correct any 
windblown emissions of explosives-contaminated dust during excavation. In addition, silt fences may be 
utilized for erosion control during the excavation, treated soil backfilling, and optional engineered cap 
construction processes. Personnel working at the excavation site would be equipped with proper 
personal protection equipment to minimize potential exposure. Air pollution control devices that treat 
exhaust gases from the incinerator would minimize emissions of toxic gases and particulates from the 
treatment system. 

Implementation of this alternative, from design to implementation of the clean soil cover over the 
treated soil, would require approximately 27 to 32 months. The thermal treatment technology is commonly 
used and commercially available. The design, review, and procurement of the equipment and materials 
for the excavation and thermal treatment system would require approximately 12 months. The mobilization 
and set-up of the mobile incineration would require 1 to 2 months. Start-up test burns would require 2 
to 3 months for completion. Once the incinerator is at full-scale operation, complete remediation of the 
soil containing explosives compounds above risk-based remedial action objectives from the northern 
industrial areas could be completed in approximately 12 to 15 months. 

6.2.3.12 Implementablllty. Rotary kiln incineration has been demonstrated to effectively treat 
explosives-contaminated soil at other sites. Rotary kiln incineration systems are commonly used for the 
destruction of organic contaminants, and are commercially available. A site-specific test burn would be 
conducted to establish the range of operating parameters that meet the regulatory requirements. 
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Operation of the incinerator would require twenty-four hour supervision. Personnel required per shift for 
the incinerator would include a loader, control operator, stand-by maintenance person, and supervisor. 
Additional personnel would be required for soil testing and other site work. 

Utility requirements for the rotary kiln incineration system include electricity, water, and auxiliary 
fuel. Monitoring of influent soil characteristics, operating parameters, residual characteristics, water 
discharges, and air and paniculate emissions would be required. The incineration system is expected 
to operate 80 percent of the time with 20 percent downtime for periodic maintenance. With proper 
maintenance, the normal lifetime of the incinerator would exceed the project period. 

Covering the explosives-contaminated surface soil with the optional engineered caps in areas 
where excavation would be uneconomical or impractical would be relatively easy to implement. 
Appropriate materials (gravel) could be obtained from local sources. Other materials, such as asphalt and 
erosion control netting, are commercially available. All required equipment for earthwork and asphalt 
paving is also commonly available. 

Additional actions, such as repair to the asphalt, would be relatively simple to implement. Periodic 
monitoring and maintenance would include visual inspection of the individual engineered caps to ensure 
they are still intact, and to evaluate whether erosion controls are functioning properly. 

Five-year reviews would be required as part of the long-term monitoring program because residual 
contaminants would remain on site. The tasks associated with coordinating the management of this 
alternative would be feasible and implementable. 

6.2.3.13 Cost. A detailed cost estimate is presented in Appendix B for the excavation, 
incineration, and backfilling and the optional capping of the soil with concentrations of explosives 
compounds above the remedial action objective of 25 /jg/g for 2,4,6-TNT-related compounds and 10 /jg/g 
for RDX-related compounds. Table 6-2 summarizes estimated cost for the excavation and incineration 
alternative. 

Capital costs included in the alternative are site preparation, mobilization, set-up, and test burn 
costs. The total present worth of this alternative is estimated to be $24,700,000 (5% discount rate), 
including capital costs of $24,100,000 and annual O&M expenditures of $40,000. These costs are 
preliminary and are subject to change. Initial costs are based on vendor information and generic unit 
costs. 

6.2.4 Alternative D: Excavation/Storaoe/Biological Treatment/On-Stte Landfill 

6.2.4.1 Description. Soil from the northern industrial areas with explosives levels above the risk- 
based remedial action objective of 25 /ig/g for 2,4,6-TNT-related compounds and 10 /L/g/g for RDX-related 
compounds would be excavated under this alternative to a maximum depth of 10 feet. Clean soil from 
a borrow area at MAAP would be used as backfill for the excavated areas. The excavated soil would be 
treated using either windrow composting, aerobic bioslurry, or anaerobic bioslurry. The treated soil would 
then be disposed as a solid waste in an on-site solid waste landfill in order to contain the biotransformed 
and non-biodegraded explosives compounds of unknown toxicity which would remain in the treated soil. 
The soil would be placed in a controlled environment where it would be isolated from human and 
ecological receptors and would not leach contaminants to the groundwater. Figures 6-3 and 6-4 present 
flow diagrams for the windrow composting and bioslurry treatment systems under this alternative. Bench- 
and field-scale studies have demonstrated concentration reductions and leachable toxicity reductions of 
explosives-contaminated soil using biological treatment. Start-up of the biological treatment system would 
include studies to evaluate treatment performance given the explosives-contaminated soil characteristics, 
indigenous microorganisms, and available amendments. Additionally, optional engineered caps would 
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be used to cover explosives-contaminated soil in areas where excavation would be uneconomical or 
4fe impractical (i.e. where the stability of a building foundation would be compromised by excavation). 

This alternative would also include institutional restrictions, maintenance of the existing fences, 
public education programs, and five-year reviews as described in Alternative B. 

6.2.4.2 Excavation/Backfill. Excavation of the explosives-contaminated soil would be performed 
in a similar manner to Alternative C. 

The volume of soil to be excavated would be based on analysis of soil samples collected during 
excavation. Soil analysis would be performed using field test kits for 2,4,6-TNT-related compounds and 
RDX-related compounds. After confirmatory sampling, the excavated section would be backfilled prior 
to proceeding to the next section of excavation. Soil obtained from a clean borrow area at MAAP would 
be used as backfill. Compaction and grading of the backfilled section would be performed by 
conventional equipment such as a front-end loader or bulldozer. Reseeding of the backfilled section 
would be performed to prevent erosion. 

The clean borrow area would require site preparation before excavation by clearing and grubbing 
existing surface vegetation and stripping grass from the site. During clearing, grubbing, and excavation 
activities, dust suppression and erosion control measures would be implemented. Air monitoring stations 
would be positioned to ensure compliance with Tennessee Air Pollution regulations that govern paniculate 
emissions. 

6.2.4.3 Soil Storage. Storage of the explosives-contaminated soil before biological treatment 
would be performed in a similar manner to Alternative C. 

6.2.4.4 Biological Treatment. The three biological treatment options retained for this detailed 
analysis are windrow composting, aerobic bioslurry treatment, and anaerobic bioslurry treatment. The 
following discussion presents a description of the treatment options, a summary of previous studies for 
each technology, and a description of the treatment system which would be used at the northern 
industrial areas. 

Treatment Goal. Windrow composting, aerobic bioslurry, and anaerobic bioslurry treatment would 
be expected to achieve the treatment goal of 20 //g/g (separately for 2,4,6-TNT-related compounds and 
RDX-related compounds). This treatment goal is based on the effective limit of the biological treatment 
technologies. Bioremediation is expected to reduce the concentrations of nitrobenzene and 2 4-DNT to 
levels low enough such that the soil would pass TCLP. The soil must also pass the Paint Filter Liquid Test 
in order to be disposed as a solid waste. 

Windrow Composting. Windrow composting is a static pile method of reducing the levels of 
explosives compounds and the leachable toxicity of explosives-contaminated soil. In the composting 
system, explosives-contaminated soil would be mixed with sources of organic carbon and bulk such as 
wood chips, straw, and manure. The compost would be mixed using a backhoe. Once mixed the 
compost would be formed into long static piles called windrows. The windrows would be turned over 
penodically to provide adequate mixing of the compost. Mixing would be performed using a windrow 
turner. Prior to full-scale operation of a windrow composting facility, studies would be performed to 
determine the type and fraction of amendments for the compost, mixing frequency, and duration of the 
treatment process. Bench- and field-scale studies have been performed at UMDA and LAAP using 
windrow composting on soil similar to the soil at MAAP. The data from these studies could be used to 
design the treatment system for the northern industrial areas. 
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Previous Windrow Composting Bench and Field Studies. Several bench-scale and field-scale 
studies have been performed using composting at UMDA and LAAP. The results of these studies indicate 
that composting was effective in reducing both explosives levels and the toxicity of the explosives- 
contaminated soil (USAEC, 1988b; USAEC, 1991b). Extensive reductions in 2,4,6-TNT, RDX, and HMX 
were observed during studies performed at LAAP under both mesophilic (35°C) and thermophilic (55°C) 
conditions. Total explosives concentrations were reduced from 16,460 fjg/g and 17,870 ^g/g to 326/jg/g 
and 74 [ig/g for the mesophilic and thermophilic piles, respectively. The results of these studies indicated 
that higher explosives degradation rates occur under thermophilic conditions (USAEC, 1988b). During 
compost sampling, ft was noted that there were areas of high explosives contamination within the static 
pile after composting. The reason for the hot spots may have been due to the lack of mixing during the 
studies. It was determined that mixing of the compost is required to achieve maximum reductions in 
explosives compounds within the compost. Mixing systems must achieve good homogeneity, handle 
materials with high bulk densities such as soil, and meet all safety criteria (USAEC, 1988b). 

Field-scale studies were performed at UMDA (USAEC, 1991b) based on the work performed at 
LAAP. The objective of these studies was to increase the rate of explosives-contaminated soil processed 
with composting by either increasing the soil loading or increasing the explosives degradation rate. MAIV 
and static pile composting were the two composting methods used in this investigation. Three 
amendment configurations were selected for these studies: sawdust, apple pomace, potato waste, and 
chicken manure; alfalfa, horse feed, and horse and buffalo manure; and sawdust, apple pomace, potato 
waste, alfalfa, and cow manure. The results of these studies are presented in Table 6-3. The soil loading 
which obtained the highest explosives degradation rate was approximately 30 percent soil by weight 
(USAEC, 1991b). The low explosives reductions in the static pile tests were a result of mechanical 
problems and loss of temperature control. The static pile with 10 percent soil loading by weight was the 
only test with adequate temperature control, and increased explosives removal. Generally MAIV 
composting removed a higher percentage of explosives than the static pile. The superior performance 
of the MAIV tests illustrates the importance of mixing during composting. Another finding in these studies 
was the importance of amendment composition. The amendment mixture of alfalfa, horse feed, and horse 
and buffalo manure did not perform as well as the other composting mixtures. It was determined that 
proper selection and combination of amendment materials used in composting is essential in ensuring 
proper explosives removal during composting. In addition to explosives reductions during composting, 
preliminary toxicity tests performed on compost samples taken throughout the studies indicated a 
significant reduction in teachable toxicity by day 10 of the study. 

More recently, field studies have been performed at UMDA to optimize composting using windrows 
(USAEC, 1993b). Windrow composting was chosen over other treatment methods because ft was the 
simplest composting method in terms of equipment and operation. Mixing of the compost could be 
performed using a windrow turner as opposed to the more elaborate mixing system used in MAIV batch 
reactors. Four experiments were performed at UMDA. Tests were performed to determine the following: 

• Whether thermophilic composting of the soil could be achieved; 

The optimal soil loading needed to reduce explosives levels in the soil; 

• The rate and effectiveness of windrow composting; and 

The teachable toxicity reduction of explosives-contaminated soil treated with windrow 
composting. 

Studies were performed using uncontaminated soil loadings of 10,20, and 30 percent by volume 
to determine whether thermophilic composting of soil matrices could be achieved. Each windrow had a 
volume of approximately 30 yd3. An amendment mixture of saw dust, wood chips, alfalfa, potato waste, 
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and cow and chicken manure was chosen based on previous composting studies at UMDA. Composting 
parameters such as temperature, pH, moisture content, and the percent oxygen were measured to 
determine the performance of the study. The temperature of the windrows remained between 50°C and 
70°C, which is considered thermophilic conditions. Thermophilic composting was achieved in composts 
with soil loadings up to 30 percent by volume. The pH of the windrow increased over time, which is 
similar to the results of previous studies (USAEC, 1991b). The optimal moisture content of 50 to 60 
percent water holding capacity was maintained by periodically applying water to the windrows. The water 
holding capacity is a ratio of the percent moisture of the soil to the percent moisture of the soil at 
saturation. In order to maintain the moisture content at an optimal level, water was added to the windrows 
periodically using a garden hose with a flow rate of eight gallons per minute. A total of 80 gallons of water 
per cubic yard of compost was applied to the windrows throughout the duration of the study. An 
interesting observation of this study was that approximately 1 hour after turning the windrow, the oxygen 
level within the windrow fell far below ambient levels of 20.9 percent by volume. 

Aeration studies were performed on windrows with 30 percent soil by volume to evaluate the 
effects of aeration on thermophilic composting. Aeration was performed by placing slotted pipe under 
the windrow and applying a vacuum to the pipes which pulled air through the windrow. Over the 40-day 
test, the number of aerobic, anaerobic, and thermophilic bacteria decreased overtime in both the aerated 
and unaerated windrows. Oxygen levels in the aerated windrow were maintained at approximately 15 
percent. During the first 5 days of the test, the aerated windrow overheated due to increased microbial 
activity but leveled out to approximately the temperature in the unaerated windrow after 5 days. Studies 
performed on aerated and unaerated windrows using explosives-contaminated soil indicated that the 
unaerated windrow had a higher percent removal of HMX as compared to the aerated windrow (see Table 
6-4). 2,4,6-TNT and RDX removals were similar for both studies. The results of these studies indicated 
that windrow composting destroys not only target explosives compounds but also extractable explosives 
intermediates. Table 6-5 presents the results of intermediates reduction in the windrow studies. 

Toxicity and mutagenicity tests were performed on leachate extracted from samples collected over 
the 40-day composting studies. The extraction method used in this study was the Clean Closure 
Leaching Test (CCLT) method. Analytical results of the leachate indicate that a significant reduction in 
explosives compounds and degradation intermediates occurred in the compost leachate (see Table 6-6). 
During the 40-day composting studies, the concentration of intermediates increased during the first 10 
days of the studies and then began to decrease by day 15. The increase in the concentration of 
intermediates in the leachate was due to the biotransformation of 2,4,6-TNT, and the decrease in the 
concentration of intermediates in the leachate was due to the transformation of the intermediates into 
other compounds which serve as the ultimate end products of 2,4,6-TNT biotransformation (USAEC, 
1993b). It should be noted that the leachate samples from the unaerated windrow contained lower levels 
of explosives compounds and intermediates than the aerated windrow. Preliminary results of the toxicity 
tests indicated that complete detoxification occurred by day 15 of windrow composting in both the aerated 
and unaerated windrows (USAEC, 1993b). 

Additionally, studies have been performed at UMDA to evaluate the compaction of composted 
materials, specifically material from windrow composting of explosives-contaminated soil (USAEC, 1993c). 
In this study, the volume of soil was measured before excavation (in-situ), after excavation (ex-situ), mixed 
compost, final compost, and buried compacted compost. The results of these studies indicated that the 
volume of buried compacted compost was 40 to 60 percent higher than the original in-situ volume of soil. 
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Other results of the composting pilot studies, as determined from work by Oak Ridge National 
Laboratory (ORNL) (Griest, et a!., 1994), are as follows: 

• Concentrations of aminonitroaromatic intermediates were significantly reduced after 15-40 
days of composting. Most products were not identified; non-degraded explosives 
compounds, amino derivatives, azo compounds, carbon dioxide, and other identifiable 
species accounted only for a small fraction of the original loading of nitrogen compounds. 

• Solvent extracts of aerated and non-aerated composts showed a reduction in 
mutagenicity (as determined by the Ames Test) of better than 99 percent after 40 days 
of composting. Weakly acidic extracts showed marked decreases in toxicity (lethality and 
reproduction effects using Ceriodaphnia dubia); most of the initial teachable toxicity was 
removed after 40 days of composting. 

• A simulated 1000-year acid rain leaching test (modified USEPA Synthetic Precipitation 
Leaching Test), conducted either before or after irradiation of the composted material by 
ultraviolet light, indicated that less than 10 percent of the 2,4,6-TNT transformation 
products were leachable. 

Bacteria isolated from composted materials were shown to effectively degrade 2,4,6-TNT 
in laboratory tests; most of the transformation products were not identified. The 
preliminary results also suggested formation of high-molecular weight species of very 
limited solubility during biotransformation. 

• Preliminary experiments to evaluate the suitability of composted materials for land 
application suggested that the soil composts may adversely affect germination of certain 
plants, but earthworms and isopods both appeared to thrive in the medium. 

Summary of Mechanisms Which Affect Composting Performance. Available data from prior 
studies strongly suggest that the explosives compounds normally act as electron acceptors during 
biodegradation of compost materials by microorganisms, and are transformed into reduced intermediate 
species such as amines or azo compounds in the process. The reaction requires proper conditions of 
temperature and moisture content, as well as close proximity of three components: a source of energy 
(electron source) in the form of oxidizable substances that can be metabolized; a sufficient supply of 
appropriate organisms; and a sufficient supply of the electron acceptor (electron sink) molecules. (The 
presence of essential nutrients such as phosphorus and trace metals also is important). Metabolism 
results in growth and reproduction of the organisms, formation of metabolic and biotransformation 
products, and corresponding depletion of the energy source and the electron acceptor materials. This 
requirement to aggregate three (or four) separate materials accounts for the observations that thorough 
mixing is important if composting is to be effective. Mixing may be even more important for treatment of 
soil containing low concentrations of explosives compounds, because depletion could easily occur on a 
local scale. 

Mixing and aeration also may play an important role in the temperature control that is necessary 
for optimizing the microbial growth rate. However, optimal conditions for the nitro-compounds to 
participate also require the absence or depletion of more aggressive oxidizers (i.e. materials with a higher 
oxidation-reduction potential) such as free oxygen and nitrate ions. Moderate to high concentrations of 
less aggressive oxidizers such as sulfate, iron(lll), and manganese(IV) compounds also may compete 
unfavorably with the nitro-compounds during the composting process. Thus, mixing, which results in 
aeration of the compost, probably hinders the reduction of nitro-compounds; in fact, reduction probably 
does not occur until the available oxygen is locally depleted. 
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It is not known whether aerobic processes play a role in the ultimate degradation or fixation of 
reduced species formed from the nitro-compounds. It is possible that the intermediate degradation 
products such as aminonitrotoluenes are degraded further or fixed to the soil matrix if a change occurs 
from anaerobic to aerobic conditions. Although mineralization of the nitro- compounds does not appear 
to occur readily, aerobic conditions would favor those biotransformations that oxidize the methyl group 
or ring portions of the explosives compounds. 

The probable mechanism for the initial biotransformation of explosives compounds in the soil 
favors selection of mixing equipment that minimizes the introduction of air. This analysis also favors use 
of water for temperature control and to encourage mixing or dispersion on the molecular level. 

Windrow Composting of Explosives-Contaminated Soil at the Northern Industrial Areas. The 
windrow composting system that would treat the soil from the northern industrial areas would be similar 
to the most recent UMDA system. The proposed amendment composition would be a mixture (combined 
by percent volume) of saw dust (25%), alfalfa (25%), potato waste (15%), cow manure (30%), and chicken 
manure (5%). The area in the vicinity of MAAP is rural and agricultural, therefore, many of the amendment 
materials would be readily available. Crops generally grown in the Milan, TN area consist of corn, cotton, 
soybean, and wheat with small crops of alfalfa and sweet potato. The livestock industry near Milan, TN 
consists of cattle, swine, and chickens (Personal Communication, Larry Kimery, Gibson County Office, TN). 
The materials from these farming operations could be used as amendments for windrow composting. 
Additionally, a wooden pallet manufacturer located in Milan, TN could be used as a source of saw dust. 

A total of four 240-foot windrows (approximately 14 feet wide and six feet high) would be formed 
in an enclosed building to prevent run-on from precipitation. Figure 6-5 presents the site layout for the 
windrow composting building. The building floor would be sloped to allow leachate to drain into a 
collection sump. The leachate would be tested periodically for explosives compounds, and if 
contaminated, it may be recycled to increase the moisture content of the windrows. For the purposes of 
this assessment, it is assumed that the soil would be added to the amendment mixture at 30 percent by 
volume. Each windrow would consist of 145 yd3 of soil and 338 yd3 of the amendment mixture. The 
soil/amendment mixture would be mixed in the treatment building using a front end loader before forming 
the compost into windrows. 

The windrow would be turned over periodically using a windrow turner to mix the compost. 
Windrow turners are commercially available and have been used for composting of wastewater sludge. 
The turners come in a variety of sizes and consist of the following components: entrance and exit tunnels; 
a mixing drum; and mixing flails. As the turner drives over the windrows, the compost enters the turner 
through a tunnel located in the front of the turner. The tunnel directs the compost into the mixing drum. 
Mixing flails are metal protrusions within the drum which aid in mixing. Once mixed in the mixing drum, 
the compost would be reformed into windrows through the tunnel located at the rear of the windrow 
turner. On occasion, compost might be thrown from the windrow, but would be placed back in the 
windrow using either shovels or a front-end loader. 

The temperature and moisture content of the soil would be monitored in order to ensure optimal 
treatment conditions. The temperature would be maintained in the thermophilic range between 50°C and 
70°C (USAEC, 1993b). The temperature would be maintained within the thermophilic range by varying 
the turning frequency, amendment mixture, or compost moisture. Compost moisture would be maintained 
between 50 and 60 percent water holding capacity as indicated by studies performed at UMDA (USAEC, 
1993b). Leachate collected in the windrow building sump or fresh water could be added to the compost 
piles in the event that the moisture content falls below the desired range. 

The composting medium would be maintained for a period of 40 days. During the winter months, 
the microorganisms within the compost may biodegrade the explosives compounds at a slower rate due 
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to the lower ambient temperatures; therefore, treatment during the winter months would require 
approximately 85 days. After this time period, samples of the compost would be collected and analyzed 
for explosives compounds, TCLP, and the Paint Filter Liquid Test. If the compost contains either 2,4,6- 
TNT-related compounds or RDX-related compounds above 20 /jg/g (which is the limit of the treatment 
technology) or fails the TCLP or Paint Filter Liquid Test, it would remain in the windrow for further 
treatment. Once treated, the compost would be stored until final disposal in the solid waste landfill. 
Approximately 1,000 tons of soil would be treated every 40 days during the warmer months and 
approximately 1,000 tons of soil would be treated during the winter months (approximately 85 days). The 
total mass of soil treated each year would be approximately 8000 tons. The amount of soil treated each 
year could be less if the treatment goals are not achieved. 

Aerobic Bloslurrv. Aerobic bioslurry treatment could be used to reduce the levels of explosives 
compounds and the leachable toxicity of explosives-contaminated soil by mixing the soil in a slurry of 
microorganisms, nutrients, and other additives. In the reactor, explosives-contaminated soil would be 
mixed with amendments to aid in explosives degradation. During the system start-up, studies would be 
performed to determine the type and fraction of amendments for the bioslurry, mixing frequency, and 
duration of the treatment process. Bench- and field-scale studies have been performed at Hastings Naval 
Ammunition Depot (NAD) in Nebraska and at Joilet Army Ammunition Plant in Illinois. The data from the 
studies could be used to design the treatment system for the northern industrial areas. 

Previous Aerobic Bloslurrv Bench and Field Studies. Aerobic bioslurry systems have been 
used for the remediation of soil contaminated with simple aromatics, PAHs, petroleum hydrocarbons, and 
pentachiorophenol. This technology has been demonstrated in bench-scale studies (5-liter reactors), pilot- 
scale studies (70 and 30,000 liter capacity), and full-scale systems (400,000 gallon total system capacity) 
(Zappi, et al., 1993). Full-scale treatment systems have demonstrated the capability to handle soil to water 
ratios as high as 50 percent (wt/wt), although 40 percent (wt/wt) is recommended. Recently, bench-scale 
studies have been performed to evaluate the biodegradation/biotransformation of explosives compounds 
in soil collected from the former Hastings NAD in Nebraska. The primary objective of the study was to 
evaluate the feasibility of bioslurry systems for the treatment of explosives-contaminated soil. The study 
was organized into three phases: evaluate the ability of indigenous and exotic microorganisms to degrade 
explosives compounds; evaluate several surfactants for improving solubilization of explosives compounds 
into the aqueous phase of the reactors; and determine the optimal treatment conditions for pilot- and full- 
scale aerobic bioslurry systems. 

The first phase of the study involved determining the type of indigenous microorganisms within 
the soil. The most common microorganism was pseudomonas aeruginosa. In this study the 
microorganisms were placed in a reactor with radiolabeled 2,4,6-TNT, a 2,4,6-TNT cometabolite (acetate 
or succinate), and nutrients (ammonia and phosphorus). The indigenous microorganisms were capable 
of mineralizing 15 percent of the radiolabeled 2,4,6-TNT into carbon dioxide. Unfortunately, when the 
study was performed using the exotic microorganisms, no 2,4,6-TNT removal occurred due to ammonia 
toxicity caused by excessive nutrient addition. It was recommended that the nutrient dose not exceed 
20 mg/L of ammonia and 10 mg/L of phosphate. Based on the studies, it was also recommended that 
acetate be added to the bioslurry at approximately 1 percent on a weight per volume basis. 

Several surfactants were evaluated to determine if they could improve the solubilization of 
explosives compounds from the soil particles into the aqueous phase of the reactors. The surfactants 
evaluated in the studies included: TMaz 80; SMaz 80; Alfonic 1012-60; Microplex ME 1001; Microplex ME 
1300; and Tween 80. In addition, acetone, a good solvent for organic contaminants, was tested. The two 
best surfactants from the screening were Alfonic 1012-60 and Tween 80 at a concentration of 3 percent 
(wt/vol). Further tests were performed on Alfonic 1012-60 and Tween 80 to evaluate their effectiveness 
in extracting explosives compounds by sequential desorption. In this process, the soil was contacted four 
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times with a fresh solution of surfactant. In addition to solubilizing 2,4,6-TNT, a number of transformation 
products were also solubilized using the sequential desorption technique. 

Four bench-scale bioslurry studies were performed evaluating the removal of explosives 
compounds from soil. The following treatment conditions were evaluated: acetate-amended; acetate- and 
nutrient-amended; acetate- and surfactant-amended; and acetate-, nutrient-, and surfactant-amended. 
The surfactant chosen for the bioslurry studies was Tween 80 based on past operational experience with 
this surfactant. Foaming became a problem in the studies and was controlled by an anti-foam agent 
commonly used in fermenter studies. The results of the studies indicated that both the acetate- and 
surfactant-amended reactor and the acetate-, surfactant-, and nutrient-amended reactor had the most 
rapid rate of 2,4,6-TNT degradation and build-up of intermediates. The addition of nutrients to the 
acetate- and surfactant-amended reactor increased 2,4,6-TNT and intermediate degradation. Results of 
these studies are presented in Table 6-7. Low levels of 2,4,6-TNT were detected in both the acetate- and 
surfactant-amended reactor and the acetate-, surfactant-, and nutrient-amended reactor after 7 weeks and 
2,4,6-TNT was not detected in the acetate- and surfactant-amended reactor after 9 weeks. It is estimated 
in full-scale operation that contact times would be less than seven weeks because of the high initial 2,4,6- 
TNT concentrations used in the studies (18,000 mg/kg) (Zappi, et al., 1993). 

Aerobic Bioslurry Treatment of Explosives-Contaminated Soil at the Northern Industrial Areas. 
The aerobic bioslurry treatment system would be based on the studies performed at Hastings NAD. 
Bioslurry reactors as large as 400,000 gallons could be used to treat the explosives-contaminated soil. 
The actual size of the reactors would depend on commercial availability. The total treatment time for each 
bioslurry batch reactor would be less than 9 weeks. 

Excavated soil would be loaded into the bioslurry reactors at a soil to water ratio of 40 percent 
(wt/wt). Ammonia and phosphate would be the two nutrients added to the bioslurry at concentrations of 
20 mg/L and 10 mg/L, respectively. These nutrient levels were determined to provide the microorganisms 
with the optimal environment for treating the explosives-contaminated soil. The surfactant Tween 80 would 
be added to the bioslurry at 3 percent by volume. The surfactant would increase the availability of the 
explosives compounds to the microorganisms by extracting them from the soil. Foaming would be 
controlled using anti-foam agents. The 2,4,6-TNT cometabolite acetate would be added to the bioslurry 
at a concentration of 1 percent (wt/vol). Amendments such as potato waste could be added to the 
bioslurry to act as a supplemental carbon source for the microorganisms. 

Once the bioslurry reactor has operated through a complete cycle, the soil would be tested for 
2,4,6-TNT-related compounds, RDX-related compounds, TCLP, and the Paint Filter Liquid Test. In the 
event that the levels of 2,4,6-TNT-related compounds and/or RDX-related compounds in the treated soil 
exceeded 20 /;g/g (which is the limit of the treatment technology) or fails the TCLP or Paint Filter Liquid 
Test, the soil would remain in the bioslurry reactor for further treatment. The bioslurry would be removed 
from the reactor after the levels of 2,4,6-TNT-related compounds and/or RDX-related compounds fell below 
20 /jg/g and the treated soil passed the TCLP and Paint Filter Liquid Test. The treated soil would be 
dewatered before disposal using a gravity dewatering system. Once the bioslurry has been sufficiently 
dewatered, the treated soil would be disposed in the on-site solid waste landfill. 

Anaerobic Bioslurry. The anaerobic bioslurry reactors would be similar to aerobic systems in 
that the levels of explosives compounds and the leachable toxic'rty of explosives-contaminated soil would 
be reduced by mixing the soil in a slurry of microorganisms, nutrients, and other additives. The difference 
between the two bioslurry processes is that the anaerobic bioslurry would be isolated from the outside 
atmosphere. In an anaerobic environment, microorganisms would biodegrade explosives compounds and 
their associated biodegradation products into p-cresol, methane, and carbon dioxide. In order to provide 
proper contact between the contaminants and the soil, it would be constantly mixed within the bioslurry 
reactor. The anaerobic bioslurry reactors would be designed to prevent oxygen from entering the reactor, 
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while venting methane and carbon dioxide to the outside atmosphere. As with the aerobic bioslurry 
system, the environmental parameters such as pH, temperature, and nutrients would be monitored and 
optimized in the batch process to increase the biodegradation of organic contaminants. System start-up 
studies would be performed prior to full-scale operation of the anaerobic bioslurry reactor to determine 
the type and fraction of amendments for the bioslurry, mixing frequency, and duration of the treatment 
process. Bench- and field-scale studies have been performed under the USEPA SITE demonstration 
program. The data from the studies can be used to design the treatment system for the northern 
industrial areas. 

Previous Anaerobic Bioslurry Bench and Field Studies. Anaerobic bioslurry treatment follows 
the same principles as aerobic bioslurry, but in the absence of oxygen. Soil and amendments are placed 
in a reactor at approximately 40 percent soil (wt/wt). Based on bench-scale data, the manufacturers of 
anaerobic bioslurry reactors have demonstrated up to 80 percent mineralization of explosives compounds. 
In a field demonstration under the USEPA SITE demonstration program, 2,4,6-TNT, HMX, and RDX were 
mineralized with low levels of biodegradation intermediates (4-amino-2,6-dinitrotoluene, 2,4-diamino-6- 
nitrotoluene, and p-cresol) remaining after treatment. During this study, 2,4,6-TNT levels dropped from 
over 1000/jg/g to below method detection limits with increasing levels of carbon dioxide. The production 
of carbon dioxide was assumed to be associated with the mineralization of explosives compounds. 

Anaerobic Bioslurry Treatment of Explosives-Contaminated Soil at the Northern Industrial 
Areas. The anaerobic bioslurry treatment system would be very similar to the aerobic system, but 
treatment would be performed in an anaerobic environment. Soil, nutrients, amendments, and water 
would be added to the reactor. Once the concentration of explosives compounds has been reduced to 
below 20/jg/g (separately for 2,4,6-TNT-related compounds and RDX-related compounds), which is the 
limit of the treatment technology, the soil would then be tested using the TCLP and Paint Filter Liquid Test. 
If the soil passes the TCLP and Paint Filter Liquid Test, it would be disposed in the solid waste landfill. 

6.2.4.5 On-Slte Landfill. Treated soil would be placed in a solid waste landfill to contain the 
biotransformed and non-biodegraded explosives compounds of unknown toxicity which would remain in 
the soil. Therefore, the soil would be isolated from human and ecological receptors and would not leach 
contaminants to the groundwater. The on-site landfill would be designed to comply with all applicable 
TDEC and USEPA regulations and permitting procedures for solid waste landfills. Access and use would 
be controlled by installing a fence around the perimeter of the landfill. Gates would be installed to allow 
limited access of personnel and machinery into and out of the landfill area. Trained personnel would be 
on duty at all times to assure operational compliance and prevent unauthorized entry. Operating 
equipment for the landfill would include excavation, spreading, and compaction equipment. A thirty-day 
supply of cover material would be available to cover the treated soil. Dust control measures such as 
water application would be used to reduce health and safety hazards to personnel working on site. The 
design of the landfill would include a liner, and final closure would incorporate an impermeable cap over 
the landfill. 

Final design of the landfill would be completed after the site location has been selected. Further 
characterization work would include site surveying and geotechnical data relevant to requirements for 
compaction and stabilization of the site. Evaluations of the subsurface would be based on soil borings 
and other subsurface investigation methods. Information would include soil descriptions, groundwater 
levels, groundwater flow maps, and a description of the groundwater recharge. In addition, the following 
information would be included in the evaluation: the location of all existing and abandoned wells; the 
location of any natural springs within a 1-mile radius; and the location of any public water supply wells 
within a 2-mile radius. Buffer zones would be established for the location of the landfill in accordance with 
State of Tennessee regulations. The landfill would be at least 100 feet from all property lines; 500 feet 
from all residences; 500 feet downgradient from drinking water wells; 200 feet from surface waters; and 
no construction activities would be performed within 50 feet of the property line. 
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Prior to construction, the site would be prepared for installation of the solid waste landfill. Site 
preparation at the solid waste landfill would include the following: 

• Establishment of proper site security. Fences may need to be moved to allow access for 
equipment and materials that would be used in constructing the landfill. 

• Clearing vegetation from the site. The cost estimate for this alternative assumes that any 
trees or brush removed from the site would be disposed at the OBG at MAAP. Grass and 
topsoil would be reutilized in the final cap cover. 

• Establishment of support facilities and a staging area. This would include constructing 
access roads, equipment and materials staging and stockpile areas, field offices, and 
decontamination facilities. 

• Monitoring well installation. One well would be installed upgradient and two wells would 
be installed downgradient of the landfill. 

Waste handling would include all activities associated with the treated soil disposed in the landfill. 
These activities would include the dumping, compaction, and covering of the treated soil. Treated soil 
handling would be performed in the smallest area possible in order to control the amount of treated soil 
exposed to the atmosphere. The treated soil would be covered daily to minimize the run-on of 
precipitation and run-off. Temporary erosion controls such as silt fences would be used to minimize 
erosion of the temporary cover. Paniculate releases would be kept to a minimum by spraying the site with 
water and covering it if needed. 

A liner system for the landfill would be constructed of compacted clay, which would be obtained 
from clean areas at MAAP. The liner would extend to all areas which would be in contact with the treated 
soil. The performance standards for the liner would be a minimum compacted thickness of 3 feet, capable 
of achieving a maximum hydraulic conductivity of 10"7cm/s. Cement or bentonite could be used to 
improve the performance of the liner as long as the liner thickness would not be less than 2 feet. Care 
would be taken to ensure uniform compaction of the liner material. 

An impermeable cap would be installed only after all the excavated soil from the northern 
industrial areas was treated and the final grade of the landfill had been reached. The cap for the landfill 
would provide long-term minimization of liquids migration through the solid waste landfill. The cap would 
function with little maintenance, promote drainage off the landfill, and accommodate settling and 
subsidence so that the cap integrity would be maintained. The permeability of the cap would be less than 
or equal to that of the liner system. Grading of the landfill would be designed to minimize run-on to the 
landfill, maximize precipitation drainage off the landfill, and minimize cap erosion. The surface drainage 
system would be designed so that the adjacent land is not adversely impacted. 

The first phase of cap construction would consist of grading of the site, which would level the site 
and provide a foundation on which to construct the cap. The compacted treated soil would act as a level, 
stable base for the cap. 

Above the treated soil, approximately 13,000 cubic yards of clay would be placed in a 30-inch 
thick layer. Clay for the cap would be obtained from a clean area at MAAP. This clay layer would require 
90 percent compaction. On top of this, the uppermost soil layer would be installed. This layer would 
consist of 8 inches of uncompacted topsoil planted with grass or other durable vegetation. The purpose 
of this upper soil and vegetation layer would be to protect the underlying clay layer, to prevent surface 
erosion of the cap with minimum maintenance, and to increase evapotranspiration from the surface of the 
cap, thereby reducing infiltration. Vegetation for the cap would be durable but would not have deeply 
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penetrating root systems. Erosion control measures such as silt fences would also prevent loss of topsoil. 
The top slope of the cap would be a minimum of 2 percent to allow for proper drainage. 

Post-closure care of the landfill and cap would be performed for a minimum of 30 years after final 
closure. The final contours and drainage of the cap and surrounding area would be maintained. The 
vegetated cover would be maintained and mowed to prevent undermining of the cap due to erosion. The 
cap would be inspected for differential settling, which could cause breaching of the impermeable layers. 
Contingency plans for responding to subsidence problems would be devised as part of a long-term 
maintenance plan for the cap. In addition, groundwater would be monitored for the migration of leachate 
from the landfill. 

A post-closure groundwater monitoring program would be implemented to determine if 
contaminants from the landfill are entering the groundwater. Groundwater samples collected from the 
upgradient monitoring well would represent the quality of groundwater not affected by the landfill facility 
drainage. Groundwater samples collected from the two downgradient wells would represent groundwater 
quality passing beneath the landfill area. The groundwater monitoring program would include procedures 
for sample collection, preservation, shipment, and analysis. The compounds to be monitored in the 
groundwater would be determined during the permitting process of the landfill. Samples would be 
collected quarterly for the first year and every six months thereafter, until the end of the post-closure 
monitoring period. A record would be maintained of all monitoring results. 

6.2.4.6 Optional Engineered Caps. The use and construction of the optional engineered caps 
would be performed in a similar manner to Alternative C. 

6.2.4.7 Overall Protection of Human Health and the Environment. The excavation, biological 
treatment, and on-site landfilling portion of this alternative would provide a high level of protection to 
human health and the environment by removing the soil containing explosives compounds above the risk- 
based remedial action objective of 25 /ig/g for 2,4,6-TNT-related compounds and 10 fig/g for RDX-related 
compounds in the northern industrial areas; reduce the levels of explosives compounds and the leachable 
toxicity of the soil through treatment; and disposing of the treated soil in an on-site landfill. 

The optional engineered caps would also reduce the risk levels posed by the explosives- 
contaminated soil at the northern industrial areas where excavation is uneconomical or impractical. 
Capping areas of explosives-contaminated surface soil would prevent potential dermal absorption and 
incidental ingestion exposures, and leaching of explosives compounds to groundwater. After construction 
is complete, workers at the facility and potential future residents would not be exposed to the explosives- 
contaminated soil because the engineered caps would provide a physical barrier to the contaminants, and 
the caps would provide an impermeable barrier preventing leaching of the explosives compounds which 
would protect groundwater. 

During the remediation activities, short-term protection of public health would be adequately 
protected through access restrictions and the minimization of airborne emissions. Personnel working at 
the excavation site would be equipped with proper personal protection equipment to minimize potential 
exposure. 

6.2.4.8 Compliance with ARARs. Section 3.0 of this document has identified the ARARs for the 
northern industrial areas. As indicated in Section 3.2, there are no chemical-specific ARARs defined for 
explosives compounds in soil. 

All components of this alternative would be in compliance with action-specific ARARs. Biological 
treatment, if properly implemented and performed within the established operating parameters would allow 
the treated soil to pass TCLP and the Paint Filter Liquid Test.   Disposal of the treated soil in the solid 
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waste landfill would be conducted within solid waste regulations. Action-specific ARARs which apply to 
landfill and surface impoundment closures would be met by the optional engineered caps. Groundwater 
monitoring for the optional engineered caps would be performed under a separate operable unit to 
evaluate groundwater protection. 

Excavation, biological treatment, and disposal in the on-site solid waste landfill and the optional 
engineered caps would be expected to comply with the State of Tennessee regulations concerning 
fugitive dust. Non-point source emissions of explosives-contaminated particulates by wind and stormwater 
erosion that could be generated during clearing, grubbing, and earthwork would be controlled by water 
spray and erosion controls. These controls would ensure compliance with Tennessee Air Pollution Control 
regulations concerning paniculate emissions (Rule 1200-3-7.03(2)) and the substantive requirements of 
the Tennessee Water Pollution Control Regulations general stormwater permit program for construction 
activities (Rule 1200-4-10.05). Based on the analyses, this alternative would be expected to comply with 
all ARARs and TBCs. There are no location-specific ARARs which would prevent the use of this 
alternative. 

6.2.4.9 Long-Term Effectiveness and Permanence. The excavation, biological treatment, and 
on-site solid waste landfill proposed in this alternative would provide long-term effectiveness and 
permanence. Reduction in the levels of explosives compounds and the leachable toxicity of the excavated 
soil would be achieved by biological treatment. Biological treatment has been demonstrated to be 
effective in reducing the levels of explosives compounds in contaminated soil at other Army ammunition 
plants. Biological treatment followed by disposal of the treated soil in a solid waste landfill would be a 
permanent solution to the exposure risks to workers and would protect the groundwater quality at the 
northern industrial areas. 

If properly maintained, the optional engineered caps would provide long-term isolation of 
explosives-contaminated surface soil, and would prevent contaminant leaching to groundwater. Human 
exposures to surface soil via direct contact and incidental ingestion would be eliminated and groundwater 
would be protected. Additionally, the concentration of explosives compounds in the soil under the 
optional engineered caps may be reduced over many years by intrinsic biodegradation. 

Access controls that are already in place, such as the existing fences, would require maintenance. 
The optional engineered caps would require periodic maintenance to ensure their impermeability. Erosion 
control and mowing would both be required for the on-site solid waste landfill. 

6.2.4.10 Reduction of Toxicity, Mobility or Volume Through Treatment. The excavation, 
biological treatment, and on-site solid waste landfill proposed in this alternative would remove the 
explosives concentrations in the soil to below the risk-based remedial action objectiveof 25/;g/g for 2,4,6- 
TNT-related compounds and 10 /jg/g for RDX-related compounds at the northern industrial areas. The 
excavated soil would be treated using biological treatment to reduce the levels of explosives compounds 
and the teachable toxicity, and disposed in an on-site landfill to reduce the mobility of contaminants. The 
volume of the contaminants would be reduced, and the biological treatment would bind the degradation 
products into the soil matrix. 

The optional engineered caps would not include a treatment process, but would rely on 
containment only. No contaminants would be treated or destroyed; therefore, toxicity and volume of the 
explosives-contaminated soil would not be reduced. However, the engineered caps would provide some 
reduction of contaminant mobility. All surface transport pathways (i.e. wind erosion and surface water 
runoff) would be eliminated, and vertical migration to groundwater would be reduced. 

6.2.4.11 Short-Term Effectiveness. Short-term risks to workers, the public, and the environment 
during construction and implementation of this alternative are expected to be minimal. Access restrictions 
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would be effective in minimizing risks in the short term. Personnel working at the excavation site, storage 
and biological treatment site, and solid waste landfill would be equipped with proper personal protection        Jflk 
equipment to minimize potential exposure. Wß 

Implementation of this alternative, from design to landfill closure, would require approximately 75 
months. The design, review, and procurement of the equipment and materials for the biological treatment 
system and the solid waste landfill would require approximately 12 months. Complete remediation of the 
soil containing explosives compounds above risk-based remediation goals from the northern industrial 
areas would be completed in approximately 57 months. Installation of the landfill cap would require less 
than 6 months. 

6.2.4.12 Implementabllity. Biological treatment has been demonstrated to effectively treat 
explosives-contaminated soil at other Army ammunition plants. Windrow composting would be easily 
implementable because all equipment required for treatment is commercially available and the technology 
has been implemented at other Army ammunition plants to remediate soil contaminated with explosives 
compounds. On the other hand, bioslurry treatment reactors, although commercially available, have only 
demonstrated successful treatment of soil contaminated with explosives compounds using bench- and 
pilot-scale studies. Full-scale treatment of soil contaminated with explosives compounds has not been 
performed; therefore, bioslurry treatment would not be as implementable as windrow composting. 

Operation of the excavation, biological treatment, and landfilling operations would require 
supervision eight-hours per day. The range of operating parameters that meet the risk-based remediation 
goals would be established during system start-up. Personnel required per shift for the biological 
treatment system would include a loader, treatment system operator, stand-by maintenance person, and 
supervisor. Additional personnel would be required for soil testing, and other site work. 

Utility requirements for the biological treatment system would include electricity, water, and fuel 
for the heavy equipment. Monitoring of the soil characteristics before and after treatment would be 
required. 

Capping the explosives-contaminated surface soil with the optional engineered caps in areas 
where excavation would be uneconomical or impractical would be relatively easy to implement. Gravel, 
asphalt, and erosion control netting are commercially available. All required equipment for earthwork and 
asphalt paving is also commercially available, and would be provided by the construction contractor. 

Additional actions, such as repair to the asphalt, would be relatively simple to implement. Periodic 
monitoring and maintenance would include visual inspection of the individual engineered caps to ensure 
they are still intact, and to evaluate whether erosion controls are functioning properly. 

Five-year reviews would be required as part of the long-term monitoring program because residual 
contamination would remain on site. The tasks associated with coordinating the management of this 
alternative would be feasible and implementable. 

6.2.4.13 Cost. A detailed cost estimate is presented in Appendix B for the excavation, biological 
treatment, on-site landfilling, and optional capping of explosives-contaminated soil. Table 6-8 summarizes 
cost estimates for excavation, windrow composting, and disposal in a solid waste landfill. Table 6-9 
summarizes cost estimates for excavation, bioslurry treatment, and disposal in a solid waste landfill. 
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Capital costs included in the alternative are site preparation, mobilization, set-up, and start-up 
testing costs. The total present worth for windrow composting as the biological treatment system is 
estimated to be $16,500,000 (5% discount rate), including capital costs of $15,800,000 and annual O&M 
expenditures of $44,000. The total present worth for bioslurry treatment as the biological treatment system 
is estimated to be $18,800,000 (5% discount rate), including capital costs of $18,100,000 and annual O&M 
expenditures of $44,000. These costs are preliminary and are subject to change. Initial costs are based 
on vendor information and generic unit costs. 
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7.0 COMPARISON OF REMEDIAL ALTERNATIVES 

The detailed evaluation performed in Section 6 discussed the degree to which each remedial 
alternative would satisfy the evaluation criteria. To aid in identifying and assessing relative strengths and 
weaknesses between the remediation alternatives, this section provides a comparative analysis of 
alternatives. As previously discussed, the alternatives are as follows: 

• Alternative A, No Action 
• Alternative B, Limited Action 
• Alternative C, Excavation/Storage/lncineration/Backfill 

Alternative D, Excavation/Storage/Biological Treatment/On-Site Landfill 

These four alternatives are compared to highlight the differences between the alternatives, and determine 
their relative value in meeting seven of the nine criteria for the detailed evaluation of alternatives. 

7.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Because current levels of contamination pose unacceptable levels of human health and ecological 
risk, Alternative A, No Action, would not meet this criterion because no actions are taken to eliminate, 
reduce or control exposure pathways. The threshold criterion of protection of human health and the 
environment would not be achieved by Alternative A. 

Alternative B, Limited Action, provides some additional protection from contaminated surface soil 
by implementing and maintaining restrictions such as site security and fencing, which both limit site 
access and exposure. Although actions are taken to prevent access to areas of contaminated soil, 
nothing would be done to protect groundwater quality; therefore, Alternative B would not be protective 
of human health and the environment. 

Alternatives C and D provide additional protection of human health and the environment by 
removing soil containing explosives compounds above risk-based remedial action objective of 25 /ug/g 
for 2,4,6-TNT-related compounds and 10 /jg/g for RDX-related compounds. Alternatives C and D would 
remove contaminated surface soil to a maximum depth of 10 feet and treat the soil with incineration and 
biological treatment, respectively. Alternatives C and D both provide protection of human health and the 
environment by eliminating the surface soil exposure pathway and providing protection to the 
groundwater. Long-term maintenance of the landfill cap under Alternative D would be required. The 
optional engineered caps under Alternatives C and D would provide a physical barrier to the 
contaminants, and the caps would provide an impermeable barrier preventing leaching of the explosives 
compounds, which would protect groundwater. Long-term maintenance of the optional engineered caps 
would also be required. 

7.2        COMPLIANCE WITH ARARS 

Compliance with ARARs is a threshold criterion which must be met by the proposed remedial 
action. There are no promulgated standards for levels of explosives compounds in soil Therefore 
chemical specific ARARs do not apply to Alternatives A, B, C, or D. Because no remedial activities would 
be implemented under the Alternatives A and B, location-specific and action-specific ARARs also do not 
apply. Alternatives C and D involve further actions to eliminate the exposure to explosives compounds 
in contaminated soil above risk-based levels. These actions could be performed in compliance with the 
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action- and location-specific ARARs as identified in Section 3. These alternatives provide protection to 
workers and long-term protection of groundwater. 

7.3        LONG-TERM EFFECTIVENESS AND PERMANENCE 

Alternatives A and B would not provide long-term effectiveness and permanence. Both of these 
alternatives would not reduce the risk posed to workers or provide protection of groundwater above risk- 
based levels. 

Alternatives C and D would provide long-term effective and permanent protection by removing and 
treating soil with explosives concentrations above the risk-based remedial action objective of 25 /jg/g for 
2,4,6-TNT-related compounds and 10 /jg/g for RDX-related compounds, destroying the explosives 
compounds in the soil by incineration (Alternative C), or placing the soil treated by biological treatment 
in a solid waste landfill and isolating the biologically treated soil using institutional controls (maintenance 
of site fencing) (Alternative D). The worker and ecological receptor exposure pathway would be eliminated 
using these alternatives, and groundwater quality would be protected. 

Alternative C would incorporate incineration as the treatment method to provide the greatest 
degree of long-term effectiveness and permanence. Incineration could achieve the irreversible destruction 
of greater than 99.99 percent of the explosives compounds in the excavated soil. The treated soil would 
be backfilled, covered with topsoil, and revegetated. 

Alternative D would incorporate either windrow composting or bioslurry treatment as the treatment 
method to reduce the concentrations of explosives compounds and the leachable toxicity of the excavated 
soil. The treated soil would be disposed in an on-site solid waste landfill in order to contain the 
biotransformed and non-biodegradable explosives compounds of unknown toxicity which would remain 
in the treated soil; therefore, Alternative D would provide permanent reduction in risk to workers and would 
protect groundwater quality. 

The optional engineered caps proposed under Alternatives C and D would provide long-term 
isolation of explosives-contaminated soil, and would prevent contaminant leaching to groundwater. 
Human exposures to surface soil via direct contact and incidental ingestion would be eliminated and 
groundwater would be protected. 

7.4        REDUCTION OF TOXICITY, MOBILITY OR VOLUME THROUGH TREATMENT 

Alternatives A and B would not provide any reduction of toxicity, mobility, or volume of the 
contaminants because removal or treatment of the contaminated soil would not be components of these 
alternatives. 

Alternative C would involve excavation of the soil containing explosives compounds at 
concentrations higher than the risk-based remedial action objective of 25 /jg/g for 2,4,6-TNT-related 
compounds and 10 /jg/g for RDX-related compounds. All explosives compounds in the excavated soil 
from the northern industrial areas would be destroyed by incineration thereby reducing the toxicity, 
mobility, and volume of contaminants. 

Alternative D would involve excavation of the soil containing explosives compounds at 
concentrations higher than the risk-based remedial action objective of 25 /vg/g for 2,4,6-TNT-related 
compounds and 10 /ig/g for RDX-related compounds. The concentration of explosives compounds and 
the leachable toxicity of the excavated soil would be reduced using either windrow composting or 
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bioslurry treatment. The volume of the contaminants would be reduced, and the biological treatment 
would bind the degradation products into the soil matrix. The excavated soil would be disposed in an 
on-site solid waste landfill, thus minimizing the mobility of the contaminants and their associated 
biodegradation byproducts. 

The statutory preference for treatment as a remedial method would not be satisfied by the optional 
engineered caps proposed for Alternatives C and D. All soil that is presently contaminated with explosives 
compounds would remain on site under the optional engineered caps, with explosives levels unchanged 
except for intrinsic biodegradation. 

7.5 SHORT-TERM EFFECTIVENESS 

Short-term protection of the public, workers, or the environment would be met by Alternatives A 
and B because no remedial actions would be implemented at the northern industrial areas. Alternatives 
C and D would each provide for short-term protection of the public, workers, and the environment during 
implementation. The use of proper dust suppressant measures would control windblown emissions of 
contaminated dust to protect the community and on-site workers. Proper personal protective equipment 
would be required for site workers. Sediment and erosion control would be provided to protect the 
environment. 

The length of time which would be required to implement the remediation alternatives follow in 
increasing order: Alternative B, Alternative C, and Alternative D. Alternative B, the Limited Action 
alternative, could be implemented in 1 year. Alternative C would require approximately 12 months to 
design and procure materials for excavation and thermal treatment and approximately 12 months to treat 
the soil. Alternative D would require approximately 12 months to design and procure all necessary 
equipment for excavation and biological treatment and approximately 5 years to treat the excavated soil 
from the northern industrial areas. Alternative D would require less than 6 months to install the 
impermeable cap on the solid waste landfill. 

7.6 IMPLEMENTABILITY 

Alternatives A and B would be the most easily implemented. Alternative A would require no 
change in existing controls, and nearly all components of Alternative B are already in place. 

Alternatives C and D would involve excavation, treatment, and disposal of soil containing 
explosives compounds above risk-based levels. The equipment and materials required for the optional 
engineered caps proposed for Alternatives C and D are commercially available. Incineration technology 
selected for Alternative C has been demonstrated to be easily implementable for the remediation of 
explosives-contaminated soil at other sites. The reliability of rotary kiln incineration technology is quite 
high; typically, incinerators treat soil approximately 80 percent of the time with 20 percent downtime for 
periodic maintenance. 

Alternative D would incorporate the use of either windrow composting or bioslurry treatment to 
reduce the teachable toxicity of the excavated soil. Windrow composting would be easily implementable 
because all equipment required for treatment is commercially available, and the technology has been 
successfully implemented at other Army ammunition plants to remediate soil contaminated with explosives 
compounds. On the other hand, bioslurry treatment reactors, although commercially available, have only 
demonstrated successful treatment of soil contaminated with explosives compounds using bench- and 
pilot-scale studies. Full-scale treatment of soil contaminated with explosives compounds has not been 
performed; therefore, bioslurry treatment would not be as implementable as windrow composting. 
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7.7 COST 

Table 7-1 provides a comparison of the costs of the remediation alternatives. Total capital and 
annual costs and present worth (discount rate of 5 percent) for each alternative are presented. The 
progression of total present worth from the least expensive to the most expensive alternative is: 
Alternative B, Alternative D, and Alternative C. Alternative C would be more costly than Alternative D 
because it would use rotary kiln incineration to treat the soil instead of biological treatment. Within 
Alternative D, bioslurry treatment would be more expensive that windrow composting because of the more 
elaborate treatment and mixing systems which would be used in the bioslurry reactor. The landfill for 
Alternative D is more extensive and costly than the backfilling and topsoil cover in Alternative C because 
of the additional landfill liner and cap. 

7.8 SUMMARY OF DETAILED EVALUATION 

The following is a brief summary of the evaluated alternatives (refer to Table 7-2): 

• Alternatives A and B would not be protective of human hearth and the environment. 
Therefore, these alternatives would be eliminated from consideration. 

• Alternatives C and D would remove soil contaminated with explosives compounds above 
the risk-based remedial action objective of 25 /ig/g for 2,4,6-TNT-related compounds and 
10 /jg/g for RDX-related compounds from surface soil and subsurface soil (to a maximum 
depth of 10 feet) through excavation. The excavated soil would then be treated and 
disposed in compliance with State and Federal laws and regulations. The optional 
engineered caps would provide long-term isolation of explosives-contaminated surface 
soil, and would prevent contaminant leaching to groundwater. 

• Alternative C would involve the use of incineration, which would permanently destroy the 
explosives compounds to very low levels. 

• Alternative D would involve the use of a bioremediation technique, which would 
biodegrade and biotransform the explosives compounds to levels which would be suitable 
for disposal in a solid waste landfill. This alternative would be less costly than the use of 
incineration; however, the biologically treated soil would be disposed in an on-site solid 
waste landfill to contain the biotransformed and non-biodegradable explosives 
compounds of unknown toxicity which would remain in the treated soil. The following is 
a brief summary of the biological treatment options: 

• Windrow composting is a proven and cost effective method of reducing the levels 
of explosives compounds and the associated toxicity of explosives-contaminated 
soil; however, due to the addition of amendments, the volume of material to be 
disposed increases by up to 60 percent. 

• Bioslurry treatment can reduce the levels of explosives compounds and the 
associated toxicity of explosives-contaminated soil, and the volume of treated soil 
to be disposed is less than the volume after windrow composting; however, 
treatment of explosives-contaminated soil has only been performed in bench- and 
pilot-scale studies. 
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APPENDIX A 

DERIVATION OF RISK-BASED REMEDIATION GOALS 
FOR SOIL FOR THE PROTECTION OF GROUNDWATER QUALITY 
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SUBSTRUCTURES A2.1-200 Slab on Grade 

There are four types of Slab on Grade 
Systems listed: Norvindustrial, 
Light Industrial, Industrial and 
Heavy industrial. Each type is listed two 
ways: reinforced and rmreinforced. A 
Slab on Grade system includes three 
passes with a grader; 6* of compacted 
gravel ftO; polyethylene vapor barrier; 
3500 p.si concrete placed by chute; 
bituminous fibre expansion joint; all 
necessary edge forms (4 uses); steel 
trowel finish; and sprayed-on membrane 
curing compound. 

The Expanded System Listing shows 
costs on a per square foot basis. 
Thicknesses of the slabs range from 4* 
to 8*. Norvindustrial applications are for 
foot traffic only with negligible abrasion. 
Light Industrial applications are for 
pneumatic wheels and Bght abrasion. 
Industrial applications are for solid rubber 
wheels and moderate abrasion. Heavy 
industrial applications are fa steel wheels 
and severe abrasion. All slabs are either 
shown unreinforced or reinforced with 
welded wire fabric. 

System Components 
QUANTITY UNIT 

COST PER S.F. 

MAT. INST. TOTAL 

SYSTEM 2.1-200-2220 
SLAB ON GRADE, 4' THICK, N0N INDUSTRIAL, N0N REINFORCED 

Fine trade, 3 passes with grader and roller 
Gravel under floor slab, 6' deep, compacted 
Polyethylene vapor barrier, standard, .006' thick 
Concrete ready mix, regular weight, 3500 psi 
Place and vibrate concrete for slab on grade, 4' thick, direct chute 
Expansion joint, premolded bituminous fiber, 1/2' x 6' 
Edge forms in place for slab on grade to 6'high, 4 uses 
Cure with sprayed membrane curing compound 
Finishing floor, monolithic steel trowel 

.110 
1.000 
1.000 
.012 
.012 
.100 
.030 

1.000 
1.000 

S.Y. 
S.F. 
S.F. 
C.Y. 
C.Y. 
LF. 
LF. 
S.F. 
S.F. 

.17 

.04 

.65 

.12 

.01 

.02 

.15 

.20 

.08 

.17 

.18 

.06 

.05 

.59 

TOTAL 1.01 1.48 

.15 

.37 

.12 

.65 

.17 

.30 

.07 

.07 

.59 

2.49 

IS 

2.1-200 Slab on Grade COST PER S.F. 

MAT. INST. TOTAL 
2220 
2240 

Slab on grade, 4' thick, non industrial, non reinforced 
Reinforced 

1.01 
1.09 

1.48 
1.70 

2.49 
2.79 

2260 
2300 

Light industrial, non reinforced 
Industrial, non reinforced 

1.22 
1.53 

1.86 
3.03 

3.08 
4.56 

2320 
'3340 

Reinforced 
5' thick, non industrial, non reinforced 

1.61 
1.18 

3.25 
1.53 

4.86 
2.71 

3360 
3380 

Reinforced 
Light industrial, non reinforced 

1.26 
1.39 

1.75 
1.91 

3.01 
3.30 

3400 
3420 

Reinforced 
Heavy industrial, non reinforced 

1.47 
1.94 

2.13 
3.57 

3.60 
5.51 

3440 
4460 

Reinforced 
6' thick, non industrial, non reinforced 

2 
1.40 

3.81 
1.49 

5.81 
2.89 

4480 
4500 

Reinforced 
Light industrial, non reinforced 

1.52 
1.61 

1.78 
1.87 

3.30 
3.48 

4520 
4540 

Reinforced 
Heavy industrial, non reinforced 

1.80 
2.16 

2.27 
3.62 

4.07 
5.78 

4560 Reinforced 2.28 3.91 6.19 

ß-2 
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SITE WORK A12.5-111 Bituminous Roadways 

The Bituminous Roadway Systems are 
Gsted for pavement thicknesses between 
34/2* and T and gravel bases from 3* to 
22* In depth. Systems costs are 
expressed per linear foot tor varying 
widths of two and mulWane roads. Earth 
moving is not Included. Granite curbs 
and Dne painting are added as required 
system components. 

System Components 
SYSTEM 12.5-111.1050 

BITUM. ROADWAY, TWO LANES, 3-W TH. PVMT., 3' TH. GRAVEL BASE.24' WIDE 
Compact subgnde, 4 passes 
Bank gravel, 2 mi haul, dozer spread 
Compaction granular material to 98% 
Grading, fine grade, 3 passes with grader 
Bituminous paving, binder course, 2-1/2' thick 
Bituminous paving, wearing course, 1* thick 
Curbs, granite, split face, straight, 5' 116" 
Painting Gnes, reflectoriad, 4' wide 

TOTAL 

QUANTITY 

2.670 
.250 
.250 

2.670 
2.670 
2.670 
2.000 
1.000 

UNIT 

S.Y. 
C.Y. 
C.Y. 
S.Y. 
S.Y. 
S.Y. 
LF. 
LF. 

COST PER LF. 
MAT. 

1.03 

9.72 
4.22 

28.20 
.31 

43.48 

INST. 

1.92 
1.12 

.11 
4.55 
2.43 
1.31 
9.84 

.13 

21.41 

V) 

3- 
§ a 

TOTAL 

1.92 
2.15 

.11 
4.55 

12.15 
5.53 

38.04 
.44 

64.89 

12.5-111 Bituminous Roadways COST PER LF. 
MAT. INST. TOTAL 

1050 
1100 

»turn, roadway, two lanes, 3-1/2* th. pvml, 3' th. gravel base, 24' wide 
28'wide 

43.50 
46.50 

21.50 
22.50 

65 
69 

1150 
1300 

32' wide 
9* th. gravel base, 24' wide 

48.50 
45.50 

24 
23 

72.50 
68.50' 

1350 
1400 

28'wide 
32'wide 

48.50 
51.50 

25.50 
27.50 

74 
79 

1550 
1600 

4' th. pvmt, 4' th. gravel base, 24' wide 
28'wide 

45.50 
48.50 

21 
23 

66.50 
71.50 

1650 
1800 

32'wide 
10* th. gravel base, 24' wide 

51.50 
48 

25 
23.50 

76.50 
71.50 

1850 
1900 

28' wide 
32'wide 

51 
54 

26 
28 

77 
82 

2050 
2100 

4* th. pvmL, 5' th. gravel base, 24' wide 
28'wide 

46.50 
49.50 

22 
24 

68.50 
73.50 

2150 
2300 

32' wide 
12* th. gravel base, 24'wide 

52.50 
49 

26 
25 

78.50 
74 

2350 
2400 

28'wide 
32' wide 

52.50 
55.50 

27.50 
30 

80 
85.50 

2550 
2600 

4-1/2" th. pvmt,, 5* th. gravel base, 24' wide 
28'wide 

48.50 
51.50 

22 
24 

70.50 
75.50 

2650 
2800 

32'wide 
13'th. gravel base, 24'wide 

55 
51 

26 
25.50 

81 
76.50 

2850 
2900 

28'wide 
32'wide 

55 
58.50 

28 
30.50 

83 
89 

3050 
3100 

5' th. pvmt, 6' th. gravel base, 24' wide 
28'wide 

50.50 
54 

23 
25 

73.50 
79 

3150 
3300 

32' wide 
14'th. gravel base, 24'wide 

58 
53.50 

27 
26 

85 
79.50 

3350 
3400 

28'wide 
32' wide 

57.50 
61.50 

29 
31.50 

86.50 
93 

3550 
3600 

5-1/2' th. pvmt, 7' th. gravel base, 24' wide 
28' wide 

53 
57 

23.50 
26 

76.50 
83 

328 See the Reference Section for reference number information, Crew Listings and City Cost Indexes 
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1   021 1 Site Preparation and Excavation Support 
.021 100 | Site Clearing 

CREW 
DAILY 

OUTPUT 
MAN- 

HOURS UNIT 

1994 BARE COSTS TOTAL 
INCIOIP MAT. LABOR EQUIP. TOTAL 

0010 

"0150 
CLEAR AND GRUB Light, trees to 6' diam., cut & chip 

Grub stumps and remove 
8-7 

B-30 
1 

2 

48 

12 

Aot 970 

255 
1,075 

740 
2,045 

995 
2,700^ 

1200-«: 

IM 

0160 

0200 
Clear & grub brush & stumps 

Medium, trees to 12* diam., cut & chip 

a 

B-7 
i8 
.70 

41.379 
68.571 

880 
1,375 

2,550 
1,525 

3,430 

2.900 
4,150 

3350 
0250 
0260 

Grub stumps and remove 
Clear 4 grub dense brush i stumps 

8-30 
■ 

1 
.47 

24 
51.064 

510 
1,075 

1,475 
3,150 

1385 
4225 

2,400 
5,125 

0300 
0350 

Heavy, trees to 24' diam., cut & chip 
Grub stumps and remove 

B-7 
B-30 

JO 
iO 

160 
48 

3,225 

1,025 
3,575 
2,950 

6300 

3375 
9,025 
4,825 

0400 
3000 

K burning is allowed, reduce cut & chip 
Chipping stumps, to 18* deep, 12* diam. m 20 .400 Ea. 9.75 7.95 17.70 

40% 
2330 

3040 

3080 
18* diameter 

24'diameter 
16 
14 

.500 
371 

12.20 
13.90 

9.95 

1135 

22.15 
2525 

295) 
34 

3100 
3120 

30* diameter 
36' diameter 

12 
10 

367 
.800 

16.25 
19.50 

1325 
15.90 

29.50 

35.40 
39.50 
47.50 

3160 
5000 

48* diameter 
Tree thinning, feller buncher, conifer 

^ 8 1 i 24.50 19.85 4435 59.50 

5080 
5120 

Up to 8' diameter 
12' diameter 

B- 93 240 
160 

.033 

.050 
Ea. 31 

122 
1.42 

2.13 
223 
335 

230 
421 

5240 
5280 

Hardwood, up to 4' diameter 
8' diameter 

240 
180 

.033 

.044 
il 

1.08 
1.42 
1.89 

223 
2.97 

230 
3.74 

5320 
7000 

12* diameter 
Tree removal, congested area, aerial lift truck 

' ' 120 .067 ^ 1.62 2.84 4.46 5.60 

7040 
7080 

8' diameter 
12* diameter 

B-, 15 7 
6 

5.714 
6.667 

E L 115 
135 

110 
128 

225 
263 

300 
350 

7120 
7169 

18* diameter 
24' diameter 

5 
4 

8 
10 

162 
202 

154 
193 

316 
395 

425 
525 

7240 
7280 

36' diameter 
48* diameter i ' 

3 
2 

13.333 

20 1 ' 
269 
405 

257 

385 
526 
790 

705 
1,050 

108 0010 
0100 

CLEARING Brush with brush saw 
By hand 

A-l 
• 

25 
.12 

32 
66.667 

k n 610 
1,275 

234 
485 

844 
1.760 

1225 
2325 

108 

0300 
0400 

With dozer, ball and chain, light clearing 
Medium clearing 

B-11A 
• 

2 
1.50 

8 
10.667 

173 
231 

410 
545 

583 
776 

720 
960 

0500 
0550 

With dozer and brush rake, light 
Medium brush to 4' diameter 

B-11B 

1 
1 

.60 
16 

26.667 
345 
580 

1,025 
1,725 

1370 
2305 

1,675 
2,775 

0600 
1000 

Heavy brush to 4' diameter 
Brush mowing, tractor w/rotary mower, no removal 

I .40 40 ' ' 665 2,575 3,440 4,175 

1020 
1040 

Light density 
Medium density 

81 14 2 
1.50 

4 
5.333 

Ac R 97.50 
130 

104 
139 

201.50 
269 

264 
350 

1080 Heavy density ' ' 1 8 ' ' 195 209 404 530 

116 0010 
0020 

FELLING TREES t PILING With tractor, large tract, firm 
level terrain, no boulders, less than 12' diam. trees 

116 

0300 
0340 

300 HP dozer, up to 400 trees/acre, 0 to 25% hardwoods 
25% to 50% hardwoods 

8-1 0M .75 
.60 

16 
20 

At R 360 
450 

1,325 
1,650 

1,685 
2,100 

2,000 
2,525 

0370 
0400 

75% to 100% hardwoods 
500 trees/acre, 0% to 25% hardwoods 

.45 

.60 
26.667 

20 
600 
450 

2225 
1,650 

2325 
2,100 

3350 
2,525 

0440 
0470 

25% to 50% hardwoods 
75% to 100% hardwoods 

.48 
36 

25 
33.333 

565 
750 

2,075 
2,775 

2,640 
3,525 

3,150 
4,225 

0500 
0540 

More than 600 trees/acre, 0 to 25% hardwoods 
25% to 50% hardwoods 

.52 

.42 
23.077 
28.571 

520 
645 

1,925 
2,375 

2,445 
3,020 

2,900 
3.600 

0570 
0900 

75% to 100% hardwoods 
Large tract clearing per tree 

' ' 31 38.710 1 ' 875 3,200 4,075 4,875 

1500 
1550 

300 HP dozer, to 12' diameter, softwood 
Hardwood 

B-l 0M 320 
100 

.038 

.120 
E a. £5 

2.71 

3.11 
9.95 

3.96 
12.66 

4.73 
15.15 

1600 
1650 

12' to 24' diameter, softwood 
Hardwood 1 

200 
80 

.060 

.150 1 

L35 
3.39 

4.98 
12.45 

633 
15.84 

7.60 
18.95 

9 

8-r 
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022 I Earthwork 

022 200 | Excav^Backfill/CompacL           "" "* 1994 WE COSTS TOTAL 
HIT        MAT. UBOft EQUIP. T0TAI «a UP 

26. !  U1M 
017 

J      ipreaa mi, irom stockpile with 2-1/2 C.Y. F.E. loader 

)                130 H.P. 300' haul                                                B-IOP   600 .020 :Y. .45 1.31 1.76 2.14 
26 

Q 04« 
)          With dozer 300 H.P. 300'haul                                      B-10M   600 
)      For compaction of embankment, see div. 022-226 

.020 • .45 1.66 2.11 2.53 

9 

05U 
060C 

)      Gravel fill, compacted, under floor slabs, 4' deep                         B-37   10.00C 

6'deep                                                                    8,600 
.005    ! 
.006 

>J.              .10 
.15 

.10 

.11 
.01 
.02 

21 
2i 

21 
37 

UM 
OMf 

y*deep 
12'deep 

7,200 
6,000 

J007 
.008 

21 
i-                35 

.13 

.16 
.02 
.02 

.40 

.53 
il 
.66 

1UUU 
1100 

Alternate pricing method, 4' deep 
6'deep 

120 
160 

.400    CY.             7i0 

.300                      7.50 
8.05 
6 

1.13 
.85 

16.68 
14.35 

22 
1870 

* 
1300 

9* deep 
12'deep 

200 
-      220 

.240 

.218 
ISO 
7.50 

4.82 
438 

.68 

.62 
13 
12.50 

16.60 
15.85 

IbUU For fill under exterior paving, see division 022-308 

266 0011 
0012 

HAULING Excavated or borrow material, highway haulers 
bank measure, no loading included 

BOO 
•240 

26! 

UU2U 
0030 

b UT. dump truck, 1/4 mile round trip, 5.0 loads/hr.               B- 
1/2 mile round trip, 4.1 loads/hr. 

34A   240 
197 

.033    C 

.041 
Y. .66 

.80 
1.35 
1.65 

2.01 
2.45 

2.50 
3.04 

UU4Ü 
0100 

1 mile round trip, 3.3 loads/hr. 
2 mile round trip, 2.6 loads/hr. 

160 
125 

.050 

.064 
.99 

1.26 
2.03 
2.60 

3.02 
3.86 

3.75 
4.80 

UlbU 
0200 

3 mile round trip, 2.1 loads/hr. 

4 mile round trip, 1.8 loads/hr.                                    , 
100 

r       85 
.080 
.094 

1.58 
1.85 

3.25 
3.82 

4.83 
5.67 

6 
7.05 

UJ10 
0320 

12 C.Y. dump truck, 1/4 mile round trip 3.7 loads/hr.               B-: 
1/2 mile round trip, 3.2 loads/hr. 

4B   356 
308 

.022 

.026 
.44 
il 

1.12 
1.29 

1.56 
1.80 

1.91 
2.21 

0400 
1 mile round trip 2.7 loads/hr. 
2 mile round trip, 2.2 loads/hr.             -ydgf^a 

260 
210 

.031 

.038 
il 
.75 

1.53 
1.90 

2.14 
2.65 

2.62 
125 

04 b(J 
0500 

3 mile round trip, 1.9 loads/hr.           jß^otoM 
4 mile round trip, 1.6 loads/hr.           *3&lLJ*±M 

180 
150 

.044 

.053 
.88 

1.05 
2.21 
2.66 

3.09 
3.71 

3.79 
4.54 

*y 0640 
0550 

5 mile round trip, 1 load/hr. 
10 mile round trip, 0.75 load/hr. 

98 
49 

.082 

.163 
1.61 
3.22 

4.07 
8.15 

5.68 
11.37 

6.95 
13.90 *1 

UbbU 
0600 

20 mile round trip, 0.5 load/hr.                                   , 

16.5 C.Y. dump trailer, 1 mile round trip, 2.6 loads/hr.             Bs 
r     32 
4C   340 

.250 

.024 
4.93 

.46 
12.45 

1.45 
17.38 
1.91 

2130 
231 

U/W) 
1000 

2 mile round trip, 2.1 loads/hr. 
3 mile round trip, 1.8 loads/hr. 

275 
235 

.029 

.034 
i7 
.67 

1.79 
2.10 

2.36 
2.77 

2.85 
334 

11U0 
1110 

4 mile round trip, 1.6 loads/hr. 
5 mile round trip, 1 load/hr. 

210 
132 

.038 

X61 
.75 

1.19 
2.35 
3.74 

3.10 
4.93 

3.75 
5.95 

1120 
1130 

10 mile round trip, .75 load/hr. 
20 mile round trip, .5 load/hr.                                     , 

100 
r          66 

.080 

.121 
1.58 
2.39 

4.94 
7.50 

6.52 
9.89 

7.90 
11.95 

1150 
1200 

20 CY. dump trailer, 1 mile round trip, 2.5 toads/hr.               B-3 
2 mile round trip, 2 loads/hr. 

4D   400 
320 

.020 

.025 
.39 
.49 

1.24 
1.55 

1.63 
2.04 

\S1 
2.46 

1240 
3 mile round trip, 1.7 loads/hr. 
4 mile round trip, 1.5 loads/hr. 

270 
240 

.030 

.033 
.58 
£6 

1.83 
2.06 

2.41 
2.72 

2.92 
3.28 

124b 
1250 

5 mile round trip, 1.1 load/hr. 
10 mile round trip, .85 load/hr. 

172 
136 

.047 

.059 
.92 

1.16 
2.88 
3.64 

3.80 
4.80 

4.57 
5.80 

Mb!> 
1300 

20 mile round trip, .6 load/hr.                                     , 
Hauling in medium traffic, add 

96 .083 1.64 5.15 6.79 
2« 

820 
20% 

1400 
1600 

Heavy traffic add 
Grading at dump, or embankment if required, by dozer                  B-l )B   1,000 .012     , 21 .82 

30% 
1.09 

30% 
132 

1BUU 
2000 

Spotter at fill or cut, if required                                              1 a 
Off highway haulers 

ab     8 1       Hr 19 19 30 

W1U 
2020 

22 CY. rear or bottom dump, 1000' round trip, 4.5 loads/hr.      B-3< 
1/2 mile round trip, 4.2 loads/hr. 

IF    800 
740 

.010    CY 

.011 
.20 
2\ 

1.17 
US 

137 
1.47 

138 
1.72 

2040 
1 mile round trip, 3.9 loads/hr. 
2 mile round trip, 3.3 loads/hr.                                    ,, 

685 
580 

.012 

.014 
21 
21 

136 
1.61 

Ü9 
•     1.88 

1.85 
2.19 

ÄJbU 
2060 

34 CY. rear or bottom dump, 1000' round trip, 4 loads/hr.        B-3^ 
1/2 mile round trip, 3.8 loads/hr.                                  X 

IG   1,090 
1,035 

.007 

.008     ,r 

.14 

.15 
1.14 
no 

128 
135 

1.48 
1.55 ! 
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024 1 Railroad and Marine Work 
024 820 | Dredging 

CREW 

DAILY 

0UWT 

MAN- 

HOURS UNIT 

1994 BARE COSTS TOTAL 

MCLOtP MAT. LABOR EQUIP. TOTAL 

•M 1600 For inland rivers and canals in South, deduct CY. 30% 30% 824 

024 840 | Seawall & Bulkheads 
144 0010 

0060 

BULKHEADS Reinforced concrete, include footing and tie-backs 

Maximum C-17C 24.25 3.423 LF. 41 86 16 143 206 
144 

0100 

0160 

12' high, minimum 

Maximum w 

20 

18.50 

4.150 

4.486 ir 

78 

85 

104 

112 

19.40 

21 

201.40 

218 

281 

305 

0200 

0210 

Steel sheeting, w/4' x 4' x 8' concrete deadmen, @ 10' OX. 

12' high, shore driven B40 27 2.370 LF. 50 57.50 69 176.50 230 
0260 Barge driven B-76 15 4.800 • 50 116 125 291 395 

- 024 880 | Docks & Facilities 
m 0010 

0020 

DOCKS Floating, recreational, prefabricated aluminum or 

concrete over polystyrene, no pilings included F-3 330 .121 S.F. 23 2.92 1.29 27.21 32 
882 

0200 

0250 

Pile supported, shore constructed, bare, 3' decking 

4* decking 

130 

120 

208 

.333 

13.65 

14.75 

7.40 

8.05 

3.26 

3.54 

2421 

2624 

31 

33.50 

0400 

0500 

Floating, small boat, prefab, no shore facilities, minimum 

Maximum 

250 

150 

.160 

.267 " 
6.50 

22 

3.86 

6.45 

1.70 

2.83 

12.06 

31.28 

15.45 

38 

0700 

0800 

Per slip, minimum (180 S.F. each) 

Maximum i ' 
1.59 

1.40 

25.157 

28.571 

Ea. 
* 

1,200 

4,500 

605 

690 

267 

305 

2,072 

5,495 

2,625 

6,425 

^4)25 1 Paving and Surfacing -.'■ -   - ..    ■••■■."• • ■. -"w„:.: .;."-" '1"% -. »-.^«W^T "■/_■'- 

025 100 | Walk/Rd/Parkng Paving 
CREW 

DAILY 

OUTPUT 

HAN- 

HOURS UNIT 

19S4 BARE COSTS TOTAL 

INCLOIP MAT. LABOR EQUIP. TOTAL 
104 0010 

0020 
ASPHALTIC CONCRETE PAVEMENT for highways 

and large paved areas 
RB2S 
-110 

104 

-• 0080 
0120 

Binder course, 1-1/2' thick 
2' thick 

RQ2S 
-120 

B- 25 7,725 
6,345 

.011 

.014 
S. Y. 1.99 

2.65 
.24 
.29 

21 
21 

2.44 
3.19 

2.81 
3.67 

-a»> 0160 
0200 

3" thick 
4" thick 

R02S 
•130 

i ' 
4,905 
4,140 

.018 

.021 
3.94 
5.25 

27 
.44 

23 
29 

4.64 
6.08 

520 
6.95 

0300 
0340 

Wearing course, 1' thick B-25B 10,575 
7,725 

.009 

.012 
1.44 

2.18 
.19 
.26 

.17 

.24 
1.80 

2.68 

2.08 

3.09 H/Z' thick                                fttSS^Ö apart m- ♦a*3 -* 0380 
0420 

2* thick                                  ffSgfe; 
2-1/2'thick                               "^S^* 

6245 
5,480 

.015 

.018 
2.93 
3.62 

22 
27 

.29 
23 

3.54 
422 

4.07 
4.96 

0460 
0800 

3'thick 
Alternate method of figuring paving costs 

' ' 4,900 .020 ' ' 421 .41 27 5.09 5.85 

0810 
0811 

Binder course, 1-1/2' thick 
2'thick 

B- 25 630 
690 

.140 

.128 
T XI 26 

26 
2.88 
2.63 

2.56 
2.34 

31.44 

30.97 
36 
35.50 

0812 
0813 

3'thick 
4'thick ' ' 

800 

900 

.110 

.098 
26 
26 

m 
2.02 

2.02 
1.79 

30.29 
29.81 

34.50 
34 

0850 
0851 

Wearing course, 1* thick 
1-1/2'thick 

B-2 58 575 
630 

.167 

.152 
26.50 
26.50 

3.50 
3.19 

3.19 
2.91 

33.19 
32.60 

39 
38 

0852 
0853 

2" thick 
2-1/2' thick 

690 
745 

.139 

.129 
26.50 
26.50 

2.91 
2.70 

2.66 
2.46 

32.07 
31.66 

37 
36.50 

0854 
1000 

3'thick 
Pavement replacement over trench, 2* thick B- 37 

800 
90 

.120 

.533 S. Y. 
26.50 

1.47 
2.51 

10.70 
2.29 
1.50 

3120 
13.67 

36 
21 

1050 
1080 

4'thick 
6'thick ' ' 

70 

55 

.686 

.873 i ' 

6.45 

9.95 

13.75 

17.50 

1.93 
2.46 

22.13 

29.91 

32 
42.50 

For expanded coverage of these items see Utans Htavy Construction Cost Data 1994 

IS-8 
71 



025 j Paving and Surfacing 
025 150 | UnH Pavers 

CHEW 

DAILY 

OUTPUT 

MAH- 

HOUftS UNrr 

1994 URE COSTS TOTAL 

MCL OIF MAT. LABOR EQUIP. TOTAL 
166 mo 

1120 

1-1/2- thick 

Pavers, 1/2* thick 
0-1 90 

no 
.178 

.145 

S.F. L95 

2.75 

3.91 

320 

536 

5.95 

8.65 

830 

166 

^a 
1130 

H40 

3/4'thick 

1* thick 
95 

81 

.168 

.198 

3.50 

3.75 

3.71 

4.35 

721 

8.10 

10 

1130 

3) 

UM 
1200 

Snapped random rectangular, 1* thick 

1-1/2' thick 
92 

85 

.174 

.188 

230 

3 

3.83 

4.14 

633 

7.14 

9.10 

1020 
1250 

1300 

2'thick 

Slate, natural cleft, irregular, 3/4'thick   . 
83 

92 

.193 

.174 

3i0 

1.50 

424 

3.83 

7.74 

533 

10.90 

8 
1310 

1350 

r thick 

fiandom rectangular, gauged, 1/2' thick 
85 

105 

.188 

.152 

1.75 

3.25 

4.14 

3.36 

539 

6.61 

8.80 

9.10 

* .1400 

1450 
Random rectangular, butt joint, gauged, 1/4' thick 

For sand rubbed finish, add 
T 150 .107 

" 
3.50 

230 

235 535 

230 

7.75 

2.53 
laUO 

1550 
For interior setting, add 

Granite blocks, 3-1/2' x 3-1/2*x 3-1/2' D-l 92 .174 S.F. 4.61 3.83 

25V 

8.44 

25% 

11.40 
1560 

1600 

4'x4"x4' 

4'to 12'long, 3'to 5'wide, 3* to 5* thick 

95 

98 

.168 

.163 

4.86 

3.84 

3.71 

3.60 

8.57 

7.44 

11.50 

1020 
IttO 6' to 15* long, 3* to 6* wide, 3" to 5' thick ▼ 105 .152 ▼ 2.05 3.36 5.41 7.80 

025 250 | Curbs 
S4 0010 

0100 
tUKB5 Aspnaitic, machine tormed, 8' wide, 6" high, 40 LFVton 

8'wide, 8* high, 30 LF. per ton 
B- 27 1,000 

900 

.032 

.036 

LF. .65 

.90 

.62 

.69 

.06 

.07 

133 

1.66 

1.83 

224 

254 

U1W 

0200 
Asphaltic berm, 12"W, 3'-6'H, 35 Lfjton, before pavement 

12*W, l-l/2*to 4' H, 60 LF. per ton, laid with pavement 
• 
B 2 

700 

1,050 

.046 

.038 

.75 

.45 

39 

.74 

.09 1.73 

1.19 

2.42 

1.74 
UJUI 

0400 
Concrete, 6' x 18', wood forms, straight 

6*x 18*. radius 
02 
f 

500 

200 

.096 

.240 ir 

3.10 

326 

224 

5.60 

.07 

.18 

5.41 

9.04 

725 

1325 
Ü421 

0422 

Curb and gutter, straight 

with 6" high curb and 6' thick gutter, wood forms 

• 

U4JÜ 

0435 
24" wide, .055 C.Y. per LF. 

30*wide,.066C.Y.perLF. 
C-2 
f 

375 

340 

.128 

.141 

L 
:. 4.65 

5.60 

2.99 

329 

.10 

.11 

7.74 

9 

1025 

11.80 
Ubbü 

0600 
Precast, 6'x 18', straight 

6'x 18', radius 
B- 29 700 

325 

.080 

.172 

525 

7.95 

1.64 

3.52 

.86 

1.86 

7.75 

1333 

9.45 

16.65 
1000 

1300 
Granite, split face, straight, 5' x 16' 

Radius curbing, 6' x 18*, over 10' radius 
500 

260 

.112 

.215 i ' 
12.80 

20.50 

229 

4.40 

121 

232 

1630 

2722 

1925 

32.50 
14U0 

1600 

Comers, 2' radius 

Edging, 4-1/2* x 12*. straight 
80 

300 

.700 

.187 

Ea. 

LF. 

69 

6.40 

14.30 

3.82 

7.55 

2.01 

90.85 

1223 

108 

15.60 

2 

1800 Curb inlets, (guttermouth) straight 
1 r 41 066 Ea. 154 28 14.75 196.75 232 

bS 0010 

0050 

EDGING 

Edging aluminum alloy.including stakes, 1/8* x 4', mill finish B-l 390 .062 LF. 1.60 121 231 3.80 

2S8 

0051 

0052 
Edging, aluminum alloy,l/8' x 4*. Black paint 

Edging, aluminum alloy 1/8* x 4*. Black anodized 
390 

390 

.062 

.062 

1.86 

2.14 

121 

121 

3.07 

335 

4.08 

4.40 
IXJbO 

0061 
Edging, aluminum alloy, 3/16* x 4*. mill finish 

Edging, aluminum alloy, 3/16* x 4', Black paint 
380 

380 

.063 

.063 

230 

2.66 

124 

124 

334 

3.90 

4.62 

5 
0Ub2 

0070 
Edging, aluminum alloy, 3/16' x 4', Black anodized 

Edging, aluminum alloy. 1/8'x 5 1/2' mill finish 
380 

370 

.063 

.065 

3.10 

2.32 

124 

128 

434 

3.60 

5.50 

4.70 
ixm 
0072 

Edging, aluminum alloy, 1/8' x 5-1/2', Black paint 

Edging, aluminum alloy, 1/8' x 5-1/2', Black anodized 
370 

370 

.065 

.065 

2.75 

3.15 

128 

128 

4.03 

4.43 

520 

5.60 
0080 

0081 
Edging, aluminum alloy, 3/16' x 51/2' mill finish 

Edging, aluminum alloy, 3/16* x 5-1/2", Black paint 
360 

360 

.067 

.067 

3.10 

3.50 

131 

131 

4.41 

431 

5.60 

6.05 

A         - 

IXJ82 

0100 
Edging, aluminum alloy, 3/16' x 5-1/2', Black anodized 

Brick, set horizontally, 1-1/2 per LF. D- 
r 

1 

360 

370 

.067 

.043 

4.05 

.80 

131 

.95 

536 

1.75 

6.65 

2.46 
0150 

0200 
Brick, set vertically, 3 per LF. 

Edging, corrugated aluminum,4* wide 

• 

F-l 
135 

650 

.119 

.012 

1.60 

.16 

2.61 

29 .01 
421 

.46 

6.10 

.69 
U250 

0300 

Edging, corrupted aluminum. 6' wide 

Concrete, cast in place, see 025-254 

• 550 .015 T r 20 35 .02 37 32 

74 See the Reference Section for reference number i*tmatm Crew Uslings and Ctyto 
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? 

SITE WORK A12.7-500 Site Lighting 

^n 
The Site Lighting System includes the 
complete unit from foundation to 
electrical fixtures. Each system includes: 
excavation; concrete base; backfill by 
hand; compaction with a plate 
compacter; pole of specified material; aJ 
fixtures; and lamps. 

The Expanded System Listing shows Site 
Lighting Systems that use one of three 
types of lamps: high pressure sodium; 
mercury vapor; and metal halide. Systems 
are listed for 400-watt and 1000-watt 
lamps. Pole height varies from 20' to 40'. 
There are four types of poles feted: 
aluminum, fiberglass, steel and wood. 

System Components 

!C 

C3 
cT 

a: 

SYSTEM 12.7-500-3620 
SITE UGHTING.MERCURY VAPOR, 400 WATT, ALUMINUM POLE, 20' HIGH 

Excavating, by hand, pits to 6' deep, heavy soil 
Concrete in place ind.forms and reinf.stUpread footings under ICY 
Backfill, including compaction 
Aluminum light pole, 20', no concrete base 
Roadway area himinaire, mercury vapor 

TOTAL 

QUANTITY 

.237 

.047 
1.903 
1.000 
1.000 

UNIT 

C.Y. 
C.Y. 
C.Y. 
Ea. 
Ea. 

J=L 

COST EACH 
MAT. 

37.90 

600 
626.30 

1,264.20 

INST. 

142.08 
51.20 
48.32 

323.50 
162.45 

727.55 

TOTAL 

142.08 
89.10 
4832 

923.50 
788.75 

1,991.75 

-12.7-500 Site Lighting COST EACH 
MAT. INST. TOTAL 

J2320 
2340 

Site lighting, high pressure sodium, 400 watt, aluminum pole, 20' high 
30' high 

1,450 
2,050 

730 
895 

2,180 
2,945 

J360 
2520 

40' high 
Fiberglass pole, 20' high 

2,700 
1,450 

1,175 
635 

3,875 
2,085 

k2540 
'2560' 

30' high 
40' high 

2,125 
2,600 

790 
1,025 

2,915 
3,625 

;2/20 
•2740 

Steel pole, 20' high 
30' high 

1,700 
2,025 

760 
945 

2,460 
2,970 

,1W6U 
■2920 
:2940 
2960 

40' high 
Wood pole, 20'high 

2,325 
1,125 

1,250 
705 

3,575 
1,830 

30'high 
40' high 

1,275 
1,525 

895 
1,100 

2.170 
2,625 

:3120 
!3140 
?3160 
3320 

1000 watt, aluminum pole, 20' high 
30' high 

1,575 
2,175 

745 
910 

2320 
3,085 

40' high 
Fiberglass pole, 20' high 

2,825 
1,575 

1,175 
650 

4,000 
2,225 

:3340 
3360 

30'high 
40' high 

2.250 
2,725 

805 
1,025 

3,055 
3,750 

.3420 
J440_ 
"346Ö" 
J520_ 
13540" 
3560 

Steel pole, 20' high 
30' high 

1,825 
2,150 

775 
960 

2,600 
3,110 

40' high 
Wood pole, 20" high 

2,450 
1,275 

1,250 
720 

3,700 
1,995 

30' high 
40' high 

1,400 
1,650 

910 
1,100 

2,310 
2,750 

DC 

§ 

H 

L?-// 

351 
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*021 I Site Preparation and Excavation Support 
021 100 | Site Clearing DAILY    MAN- 

OUTPUT HOURS 

1994 BARE COSTS TOTAL 

INCL UP CREW UNIT MAT.      |    LABOR |    EQUIP. |     TOTAL 
HE 

> 
WUL 

1750 
24' to 36' diameter, softwood 

Hardwood 
3-10M 100 

50 

.120 

.240 

f j. 2.71 

5.40 

9.95 

19.90 

12.66 

25.30 

15.15 

30.50 

116 

woe 
1850 

36' to 48" diameter, softwood 

Hardwood 1 > 
70 

35 

.171 

.343 f 

3.87 

7.75 

14.20 

28.50 

18.07 

36.25 

21.50 

43.50 

021 140 | Stripping 
UU1U 

0020 
STRIPPING lopsoii. and stockpiling, sandy loam 

200 H.P. dozer, ideal conditions B-10B 2,300 .005 C.Y. .12 .36 .48 .57 
144 

-> UlUU 

0200 
Adverse conditions 

300 HP dozer, ideal conditions B-IOM 

1,150 

3.000 

.010 

.004 .09 
.71 

.33 

.95 

.42 

1.14 

.51 

br 

0J00 

0400 
Adverse conditions 

400 HP dozer, ideal conditions B-10X 

1,650 

3,900 

.007 

.003 

.16 

.07 

.60 

.32 

.76 

.39 

.91 

.46 
UbUU 

0600 
Adverse conditions 

Clay, dry and soft, 200 HP dozer, ideal conditions 

« 

B-10B 

2,000 

1,600 

.006 

.008 

.14 

.17 

.63 

.51 

.77 

.68 

.90 

.82 
UbUl 

0700 
Strip topsoil, clay, dry & soft, 200 HP dozer, ideal conditions 

Adverse conditions 
V 

1.600 

800 

.008 

.015 

.17 

.34 

.51 

1.02 

.68 

1.36 

.82 

1.65 
lUUU 

noo 
Medium hard, 300 HP dozer, ideal conditions 

Adverse conditions 
B-IOM 2.000 

1,100 

.006 

.011 

.14 

.25 

.50 

.91 

.64 

1.16 

.76 

1.38 

1300 
Very hard, 400 HP dozer, ideal conditions 

Adverse conditions 
B-10X 2.600 

1,340 

.005 

.009 T 

.10 

.20 

.48 

.94 

.58 

1.14 

.69 

134 

021 150 | Selective Clearing 
154 ixjiu 

1000 

SELECTIVE CLEARING 

Stump removal on site by hydraulic backhoe, 1-1/2 C.Y. 
154 

lUbO 

1100 

8' to 12' diameter 

14* to 24'diameter 
B- 30 33 

25 

.727 

.960 

I a. 15.45 

20.50 

45 

59 

60.45 

79.50 

73.50 

96.50 
Hbu 

1151 
26' to 36' diameter 

Stump removal, 19' to 24' diameter 
T r 

16 

16 

1.500 

1.500 i 
r 

32 

32 

92.50 

92.50 

124.50 

124.50 

151 

151 

> 
im 
2050 

Remove selective trees, on site using chain saws and chipper, 

not incl. stumps, up to 6' diameter B-7 18 2.667 Ea. 54 59.50 113.50 151 
WU0 

2150 
8'to 12* diameter 

14" to 24' diameter 
12 

10 

4 

4.800 

81 

97 

89.50 

107 

170.50 

204 

225 

271 

2300 
26'to 36'diameter 

Machine load, 2 mile haul to dump, 12' diam. tree, add 
' r 8 6 

i r 

121 134 255 

40 

340 

60 

02 1 200 | Structure Moving 
204 UU1U 

0020 
MOVING BUILDINGS One day move, up to 24' wide 

Reset on new foundation, patch & hook-up, average move Total 8,500 

204 

U040 

0060 
Wood or steel frame bldg., based on ground floor area 

Masonry bldg., based on ground floor area 
B-4 185 

137 

.259 

.350 

S. 5.05 

6.80 

2.35 

3.17 

7.40 

9.97 

10.55 

14.25 
WU0 

0220 

For 24' to 42' wide, add 

For each additional day on road, add B-4 1 48 Da 
r 

y 935 435 1.370 

15% 

1,950 
U24U 

0300 
Construct new basement, move building, 1 day 

move, patch & hook-up, based on ground floor area B-3 155 .310 S.F. 530 6.35 10.20 21.85 27 

021 400 | Dewatering 
404 UUIU 

0100 
utWATfcRlNG Excavate drainage trench, 2' wide, 2' deep 

2' wide, 3' deep, with backhoe loader 
B-11C 

* 
90 

135 

.178 

.119 

C.1 r. 3.85 

2.57 

2.22 

1.48 

6.07 

4.05 

8.45 

5.65 

4M 

tuuu 
0300 

Excavate sump pits by hand, light soil 

Heavy soil 
lOab 

* 
7.10 

3.50 

1.127 

2.286 i 

21.50 

43.50 

21.50 

43.50 

34 

69 
UbUU 

0550 
Pumping 8 hr., attended 2 hrs. per day. including 20 LF. 

of suction hose & 100 LF. discharge hose 
UbUU 

0620 

2' diaphragm pump used for 8 hours 

Add per additional pump 
B-10H 4 3 0a y 67.50 7.80 

30 

7530 

26 

114 

33 

>       - 

UbbU 

0670 

4' diaphragm pump used for 8 hours 

Add per additional pump 
B-101 4 3 

-J 

67.50 19.90 

63 

87.40 

68 

127 

69 

30 See the Reference Section for reference number iTtamatm&ew Listings and CtyCaä 

ß-13 



■ *X>22 | Earthwork 
. 022 200 1 Excav^Backflll/ICanmaei. DAM 

CREW 0UW 

HAN- 

f HOURS   11 

1W4UMCOSTS                  "™ TOTAL 

WttOiP ixrr     MAT. LANS EQUIP. TOTAL 
ii> 1 45U 

4601 
3          City block within nne of influence, minimum 

)               Maximum 
M 
f 

2520C 

15,100 

.001     ! 

.002 

if. 
ff 

£3 

.04 
.03 

£4 

.04 

.07 

234 

JOU )      Excavate and load boulders, leu thin 0.5 CY. 

'                  0.5 CY. to 1CY. 
B-101 

8-10U 

80 

100 

.150     CY. 

.120 

339 

2.71 

5.45 

9.15 

834 

1136 

1125 

1425 

54a 
)      Excavate and load blasted rock, 3 CY. power shMt 

>      Haul boulders, 25 Ton off-highway dump, 1 mile round trip 
B-12T 

B-34E 

1330 

330 

X10 

.024 
24 

.48 

.70 

131 

34 

229 

1.14 

2.73 
MA 

544C 
2 mile round trip 

3 mHe round trip 
275 

225 

.029 

.036 

.57 

.70 

217 

2.65 

274 

335 

327 

4 
6461 

5600 
4 mile round trip 

Bury boulders on site, less than 0.5 CY., 300 H.P. dow 
T 200 .040 ' .79 238 177 4.49 

662U 

5640 
150'haul 

300' haul 
B-10M 310 

210 

X39    CY. 

.057 

37 

129 

321 

4.74 

4.08 

6.03 

4.88 

720 
58U 

5820 
0.5 to 1 CY., 300 H.P. do», 150' haul 

300'haul w 

300 

200 

.040 

.060     , ' 
.90 

1.35 

332 

4.98 

422 

633 

5.05 

7.60 zu UU1U 

0020 
tAUWATiNG, BULK BANK MEASURE Common earth piled 

For loading onto trucks, add 
R022 
-MO 

15« 15% 
231 

0050 

0100 
For mobiliation and demoMiation, see division 022-274 

For hauling, see division 022-266 
R022 
•SO 

-? 
wuu 
0250 

oacwioe, nyorauijc crawler mtd., 1 CY. cap. - 75 C.YThr. 

1-1/2 CY.eap. -100 CYJhr. 
B-12A 

B-12B 

600 

800 

.027    C 

.020 

Y. .62 

.46 

38 

.85 

1.50 

131 

1.91 

1.65 
WbO 

0300 
2a.eap.-130C.YJhr. 

3CY.eap.« 160 CYJhr. 
B-12C 

8-120 

1,040 

1,620 

.015 

.010 

.36 

23 

.90 

129 

126 

132 

1.53 

1.77 
IU10 

0360 
wneei mounted, w CY. cap. - 30 CYThr. 

3/4CY.eap.-45CYJhr. 

lb 

B-12E 

B-12F 

240 

360 

.067 

.044 
134 

1.03 

133 

120 

237 

223 

332 

239 
UÜJU 

0550 
Clamshell, 1/2 CY. cap. - 20 CYJhr.          (V*23^, 

ICY.cap.-35CYJhr.              J[ M 
B-12G 

B-12H 

160 

280 

.100 

.057 

231 

1.32 

232 

1.91 

5.13 

323 

635 

4.12 
0950 

1000 
uragline, 1/2 CY. cap. - 30 CYJhr.            '*" "-a—' 

Dragline, 3/4 CY. cap. - 35 CYJhr. 
B-121 

1 
240 

280 

.067 

.057 

1.54 

132 

135 

137 

3.49 

239 

430 

336 
1UU1 

1050 
3/4CY.eap.-35CYJhr. 

1-1/2CY.eap.-65CYJhr. 
i 

B-12P 

280 

520 

.057 

.031 

132 

.71 

1.67 

1.46 

239 

2.17 

336 

2.69 
11UU 

1200 
3 CY.eap.- 112 CYJhr. 

Front end loader, track mtd., 1-1/2 CY. cap. - 70 CYJhr. 
B-12V 

B-10N 

900 

560 

.018 

.021 

.41 

.48 

38 

.62 

139 

1.10 

1.71 

1.44 
1250 

1300 
2-1/2 CY.eap.- 95 CYJhr. 

3CY.cap.-130 CYJhr. 
8-100 

B-10P 

760 

1,040 

.016 

J012 

36 

26 

.62 

.75 

38 

1.01 

123 

123 
libO 

1500 
5 CY.eap.- 160 CYJhr. 

Wheel mounted, 3/4 CY. cap. - 45 CYJhr. 
B-10Q 

B-10R 

1,620 

360 

.007 

.033 
.17 

.75 

.67 

32 

34 

137 

1 

1.84 
155U 

1600 
1-1/2CY.eap. -80CYJhr. 

2-1/4 CY.eap.- 100 CYJhr. 
B-10S 

B-10T 

640 

800 

£19 

.015 
.42 

34 

30 

34 

32 

38 

120 

1.12 
1W1 

1650 
3 CY.eap.- 100 CYJhr. 

5CY.eap.-185CYJhr. 

ff 

8-10U 

1,100 

1.480 

£11 

£08 
25 

.18 

.40 

32 

.65 

30 

32 

36 
18UU 

1850 
Hydraulic excavator, truck mtd, 1/2 CY. - 30 CYJhr. 

48 Inch bucket, 1 CY. - 45 CYJhr. 
B-12J 

B-12K 

240 

360 

£67 

£44 
134 

1£3 

232 

231 

4£6 

334 

5.15 

4.11 
i/UU 

3750 
Shovel, 1/2 CY. capacity - 55 CYJhr. 

3/4 CY. capacity-85 CYJhr. 
8-121 

B-12M 

440 

680 

£36 

£24 
34 

34 

1.04 

.78 

138 

132 

2.44 

1.69 
JIIOU 

3850 
ICY. opacity-120 CYJhr. 

1-1/2 CY. capacity-160 CYJhr. 
B-12N 

8-120 

960 

1,280 

£17 

£13 

38 

29 

33 

.67 

1£1 

36 

128 

1.18 
Mi 
4000 

3CY.eap, -250CYJhr. 

For soft soil or sand, deduct 
B-12T 2,000 £08 .18 34 .72 

151 

37 

15% 
4100 

4200 
For heavy soil or stiff day, add 

For wet excavation with clamshell or dragline, add 
60% 

100% 

60% 

100% 
4JW 

4400 
All other equipment, add 

Clamshell in sheeting or cofferdam, minimum B-12H 160 .100 231 
• 

333 

50% 

5.64 

50% 

720 
4460 

sooo 
Maximum 

For hauling excavated material, see div. 022-266 

• 60 267     | 6.15 8.90 15.05 1925 

Hi 1X110 

2000 
EXCAVATING, BULK, DOZER Open site 

75 H.P., 50' haul, sand & gravel B-10L 460 .026    CI 39 .59 1.18 1.56 

242 

£-// 37 
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-     262 

022 I Earthwork 

I 022 200 | Excav./Backfill/Compact 

'm to 

20 

01J0!    ' Ssreaa till. from ssocwoe with 2-1/2 C.Y. F.E. loader 

31701 !30 H.P. 300'haul 
01901 with d02er 300 H.P. 300' haul  

'""'     -r"' compaction of tmoankment. see oiv. 022-226 

II. compactM. under floor siaos. 4' deeo 
5'deeo 

0500 
0600 

Gravel I 

0700 

0800 
9' deep 

12*deeo 
1000 
1100 
1200 

1300 

Alternate oricing method. 4' deep 

6'deo 

1500 

9" deep 

12'deeo 

For till under exterior paving, see division 022-308 

266 0011 

0012 
0020 

0030 

HAULING Excavated or borrow material, hignway haulers 

bank measure, no leading included 

C040I 

oiooi 
0150 
0200 
0310 
0320 
0330 

0400 

6 C.Y. dump truck, 1/4 mile round trip. 5.0 loaos/hr, 

1/2 mile rouno trip. 4.1 loads/hr, 

1 mile rouno trip, 3.3 loaos/hr. 

2 mile rouna trio, 2.6 loads/hr. 

3 mile rouno trip, 2.1 loads/hr. 

4 mile rouno trip, 1.8 loads/hr. 

12 C.Y. dump truck, 1/4 mile round tnp 3.7 loaos/hr. 

1/2 mile round trip, 3.2 loads/hr. 

0450 

10500 

0540 
0550 

0560 
0600 

1 mile round trip 2.7 loads/hr. 

2 mile round trip, 2.2 loads/hr. 

3 mile round trip, 1.9 loadvrir. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

20 mile round trip, 0.5 load/hr. 

0700 

1000 

1100 
1110 
1120 
1130 
1150 

1200 

16.5 C.Y. dump trailer, 1 mile round trip, 2.6 loads/hr. 

2 mile round trip, 2.1 loads/hr. 

3 mile round trip, 1.8 loads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr, 

10 mile round trip, .75 load/hr. 

20 mile round trip, .5 load/hr 

1220 
1240 

1245 
1250 

20 C.Y. dump trailer, 1 mile round trip, 2.5 loads/hr, 

2 mile round trip, 2 loads/hr. 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

1255 
1300 
1400 
1600 
1800 
2000 

5 mile round trip, 1.1 load/hr. 

10 mile round trip, .85 load/hr. 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

2010 
2020 

Heavy traffic, add 

Grading at dump, or embankment if required, by dorer 

Spotter at fill or cut. if required 
Off highway haulers 

2030 

2040 

22 C.Y. rear or bottom dump, 1000' round trip, 4.5 toads/hr. 

1/2 mile round trip, 4.2 loads/hr. 

2050 
2060 

1 mile round trip, 3.9 loads/hr. 

2 mile round trip, 3.3 load/hr. 

34 C.Y. rear or bottom dump, 1000' round trip, 4 toads/hr. 

!/2 mile round trip, 3.8 loads/hr. 

42 
See the Reference Section for reference mutter iTformatioa Crew üslings art! Ciy Cost Indexes 
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022 1 Earthwork 
J022 200 | Excav./Backfill/Compact 

CREW 

DAILY | MAN- 

OUTPuTl HOURS 
1 

UNIT | 

1994 BARE COSTS TOTAL 

INCLOIP MAT.      !    LABOR    1    EQUIP.    1     TOTAL 

* 4500 

4600 

City block within zone of influence, minimum 

Maximum 

A-8 25200 

15.100 

.Ml 

.002 

S.F.  |                 j          .31              |            .03 .04 

.07 

234 

5000 

5020 

Excavate and load boulders, less than 0.5 C.Y. 

0.5 C.Y. to 1 C.Y. 

B-10T 

B-I0U 

80 

1C0 

.150 

.120 

C. f. 3.39 

2.71 

5.451           5.34 

= 151          11.36 

11.25 

'.4.25 | 
5200 

5400 

Excavate and load blasted rock, 3 C.Y. power shovel 

Haul boulders, 25 Ton off-highway dump, 1 mile round trip 

B-12T 

B-34E 

1.530 

330 

.010 

.024 

.241          .70 

.481         1.81 

.34 

229 

1.14 

2.73 

5420 

5440 

2 mile round trip 

3 mile round trip 

275 

225 

.029 

.036 

.57 

.70 

2.17 

2.65 

2.74 

3.35 

3.27 

4 

5460 

5600 

4 mile round trip 

Bury boulders on site, less than 0.5 C.Y., 300 H.P. dozer 
T 200 .040 1 .79 2.93 3.77 4.49 

5620 

5640 

150' haul 

300' haul 

B-10M 310 

210 

.039 

.057 

C.Y. .87 

1.29 

3.21 

4.74 

4.08 

6.03 

4.88 

7.20 

5800 

5820 

0.5 to 1 C.Y., 300 H.P. dozer, 150' haul 

300' haul " 
300 

200 

.040 

.060 i r 

.90 

1.35 

3.32 

498 

4.22 

6.33 

5.05 

7.60 

23S 0010 

0020 

EXCAVATING, BULK BANK MEASURE Common earth piled 

For loading onto trucks, add 

R022 
•240 15% 15% 

231 

0050 

0100 

For mobilization and demobilization, see division 022-274 

For hauling, see division 022-266 

RQ22 
•250 

i 

0200 

0250 

Backhoe, hydraulic, crawler mtd., 1 C.Y. cap. ■ 75 C.YThr. 

1-1/2 C.Y. cap. = 100 CX/hr. 

B-12A | 600 

B-12BI eco 

.C27 

.020 

C.Y. .52 

.46 

.53 

.55 

1.50 

1.31 

1.91 

1.55 

0260 

0300 

2 C.Y. cap. - 130 CX/hr. 

3C.Y.cap. - 160 Cm 

B-12C | 1,040 

B-12D | 1,620 

.015 

.010 | 
.35 

.23 1.29 

1.26 

1.52 

1.53 

1.77 

0310 

0360 

Wheel mounted, 1/2 C.Y. cap. - 30 C.YThr. 

3/4 C.Y. cap. - 45 C.YJhr. 

B-12E 

B-12F 

240 

360 

.067 

.044 

1.54 

1.03 

1.23 

1.20 

2.87 

223 

3.82 

2.89 

0500 

0550 

Clamshell, 1/2 C.Y. cap. - 20 CX/hr.           C'-'—A^ 

1 C.Y. cap. - 35 CX/hr.               J^—j|b 

B-12G 

B-12H 

160 

280 

.100 

.057 

2.31 

1.32 

2.32 

1.91 

5.13 

323 

6.65 

4.12 

0950 

100O 

Dragline, 1/2 C.Y. cap. - 30 C.Y./hr.             ~* 

Dragline, 3/4 C.Y. cap. - 35 UJhr. 

B- ,21 240 

280 

.067 

.057 

1.54 

1.32 

1.95 

1.67 

3.49 

2.99 

4.50 

3.86 

1001 

1050 

3/4 C.Y. cap. - 35 C.YJhr. 

1-1/2 C.Y. cap. - 65 CYThr. B- 2P 
280 

520 

.057 

.031 

1.32 

.71 

1.67 

1.46 

2.99 

2.17 

3.86 

2.69 

1100 

1200 

3 C.Y. cap. - 112 CX/hr. 

Front end loader, track mtd., 1-1/2 C.Y. cap. - 70 C.Yihr. 

B-12V 

B-10N 

900 

560 

.018 

.021 

.41 

.48 

.98 

.62 

1.39 

1.10 

1.71 

1.44 

1250 

1300 

2-1/2 C.Y. cap. - 95 CX/hr. 

3 C.Y. cap. - 130 CX/hr. 

B-10O 

8-10P 

760 

1,040 

.016 

.012 

.36 

26 

.62 

.75 

.98 

1.01 

1.23 

1.23 

1350 

1500 

5 C.Y. cap. - 160 CX/hr. 

Wheel mounted, 3/4 C.Y. cap. - 45 CX/hr. 

B-10Q 

B-10R 

1,620 

360 

.007 

.033 

.17 

.75 

.67 

.62 

.84 

1.37 

1 

1.84 

1550 

1600 

1-1/2 CX cap. -60 CX/hr. 

2-1/4 CX cap. - 100 CX/hr. 

B-10S 

B-10T 

640 

800 

.019 

.015 

.42 

.34 

.50 

.54 

.92 

.88 

1.20 

1.12 

1601 

1650 

3 C.Y. cap. - 100 CX/hr. 

5C.Y.C3P. - 185 CX/hr. B-10U 

1,100 

1,480 

.011 

.008 

.25 

.18 

.40 

.62 

.65 

.80 

.82 

.96 

1800 

1850 

Hydraulic excavator, truck mtd, 1/2 C.Y. - 30 C.Y Ar. 

48 inch bucket. 1 C.Y. » 45 CX/hr. 

B-12J 

B-12K 

240 

360 

.067 

.044 

1.54 

1.03 

2.62 

2.31 

4.06 

3.34 

5.15 

4.11 

3700 

3750 

Shovel. 1/2 C.Y. capacity - 55 C.YVhr. 

3/4 C.Y. capacity - 85 C.YAr. 

B-12L 

B-12M 

440 

680 

.036 

.024 

.84 

.54 

1.04 

.73 

1.88 

1.32 

2.44 

1.69 

3800 

3850 

1 CX capacity - 120 C.Y Ar. 

1-1/2 C.Y. capacity- 160 CX/hr. 

B-12N 

B-120 

960 

1,230 

.017 

.013 

J8 

29 

.53 

.57 

1.01 

.96 

1.28 

1.18 

3900 

4000 

3 C.Y. cap. » 250 C.YVhr. 

For soft soil or sand, deduct 

B-12T 2,000 .008 .18 .72 

15% 

.87 

15% 

4100 

4200 

For heavy soil or stiff clay, add 

For wet excavation with clamshell or dragline, add 

60% 

!C0% 

60% 

100% 

4250 

4400 

All other equipment, add 

Clamshell in sheeting or cofferdam, minimum B-12H 160 .1C0 2.31 3.33 

50% 

5.54 

50% 

7.20 

4450 

8000 

Maximum 

For hauling excavated material, see div. 022-266 

60 .267 T 6.15 5.S0 15.05 19.25 

242 0010 

2000 

EXCAVATING, BULK, DOZER Open site 

75 H.P., 50' haul, sand & gravel B-10L 

i 

460 1 .026 C.Y. .59 .59 1.18 1.56 

242 

s o 
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022 I Earthwork 

022 200 | Excav./Backfill/Compact 

* 

252 

P"? 

0150 
0170 

<fl 

s o 

01S0 
0400 
0500 
0600 
0700 
0800 
1000 
1100 
1200 
1300 
1500 

Srreafl fill, from stockoife with 2-1/2 C.Y. F.E. loader 

130 H.P. 300' haul 

With dozer 300 H.P. 300' haul 

r:r compaction of embankment, see oiv. 022-225 

Gravel fill, compacted, under floor slabs, 4' deeo 

6'deep 

9" deep 

12'deep 

Alternate pricing method. 4' deep 

 6'deep  
9'deep 

12'deep 

DAILY I MAN. 

CREW OUTPUT! HOURS 

3-10P 

B-10M 

600 .020 

1-37 

For fill under exterior paving, see division 022-308 

266 0011 
0012 
0020 
0030 
0040 
0100 

HAULING Excavated or borrow material, highway haulers 

bank measure, no loading included 
R022 
•240 

6 C.Y. dump truck, 1/4 mile round trip. 5.0 loads/hr. 

1/2 mile round trip, 4.1 loads/hr. 

0150 
0200 

1 mile round trip, 3.3 loads/hr. 

2 mile round trip, 2.6 loads/hr. 

0310 
0320 
0330 

0400 

10450 

-'0500 

0540 

0550 

0560 
0600 

3 mile round trip, 2.1 loads/hr. 

4 mile round trip, 1.8 loads/hr. 

12 C.Y. dump truck. 1/4 mile round trip 3.7 loads/hr. 

1/2 mile round trip, 3.2 loads/hr. 

1 mile round trip 2.7 loads/hr. 

2 mile round trip, 2.2 loads/hr. 

600 

10,000 
8,600 
7,200 

6,000 

120 

160 
200 

220 

.020 

.005 

.006 

.007 

.008 

1594 BASE COSTS 

UNIT VAT. LA30R E3UIP. TOTAL 

S.r. 

.400 

.300 

.240 

.218 

B-34A 240 
197 

.033 

.041 
160 
125 

.050 

.064 

B-348 

3 mile round trip, 1.9 loads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

0700 

1000 

1100 
1110 

20 mile round trip, 0.5 load/hr. 

16.5 C.Y. dump trailer, 1 mile round trip, 2.6 loads/hr. 

2 mile round trip, 2.1 loads/hr. 

3 mile round trip, 1.8 loads/hr. 

1120 
1130 
1150 
1200 
1220 
1240 

1245 
1250 
1255 
1300 
1400 
1600 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, .75 load/hr. 

20 mile round trip, .5 load/hr. 

100 
85 

B-34C 

20 C.Y. dump trailer, 1 mile round trip, 2.5 loads/hr. 

2 mile round trip, 2 loads/hr. 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

5 mile round trip, 1.1 load/hr. 

10 mile round trip, .85 load/hr. 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

1800 

2000 

2010 
2020 
2030 

2040 

2050 

2060 

Heavy traffic, add 

Grading at dump, or embankment if required, by dozer 

Spotter at fill or cut, if required 

Off highway haulers 

22 C.Y. rear or bottom dump, 1000' round trip, 4.5 loads/hr. 

1/2 mile round trip, 4.2 loads/hr. 

1 mile round trip, 3.9 loads/hr. 

2 mile round trip, 3.3 loads/hr. 

34 C.Y. rear or bottom dump, 1000' round trip, 4 loads/hr. 

1/2 mile round trio, 3.8 loads/hr. 

B-340 

356 

308 

.080 

.094 

C.Y. 

.10 

.15 

7.50 

7.50 

7.50 

7.50 

.10 

.11 .02 

3.05 

6 
4.82 

4.38 

1.13 
.85 

..:3 

,99 

:.26 
2.G3 

260 
210 
180 
150 

49 
32 

340 

275 

235 

210 
132 
100 
66 

B-10B 

lClab 

B-34F 

B-34G 

Ju 

400 

320 

.022 

.026 

.031 

.038 

.044 

.053 

.082 

.163 

.250 

.024 

.029 

.034 

.038 

.061 

.121 

3.25 

3.52 

270 

240 

172 
136 
96 

1,000 

800 

740 

685 

580 

1,090 
1.035 

.020 

.025 

.030 

.033 

.047 

.059 

.083 

.012 
1 

.010 

.011 

.012 

.014 

.007 

.008 

.61 

.75 

1.05 
1.61 
3.22 

\:.2 

1.29 
1.53 
1.90 
2.21 
2.66 
4.07 

8.15 

4.93 
.46 
.57 

.67 

.75 
1.19 
1.58 
2.39 

12.45 
1.45 
1.79 
2.10 
2.35 

3.74 

Hr. 

C.Y. 

.92 
1.16 
1.64 

.27 

20 
.21 
22 

.27 

.14 

.15 

4.94 

7.50 

1.24 

1.55 
1.83 

2.06 

2.S8 

3.64 

5.15 

.82 

1.17 
1.25 
1.36 
1.61 
1.14 
1.20 

2.11 

.40 

.53 

16.68 
14.35 
13 
12.50 

42 

2.01 

2.45 
3.02 

4.83 
5.67 
1.56 
1.80 
2.14 
2.65 
3.09 
3.71 
5.63 

11.37 
17.38 

1.91 

2.36 

2.77 

3.10 
4.93 
6.52 
9.89 
1.63 
2.04 
2.41 

2.72 
3.80 
4.80 
6.79 

20% 

30% 
1.09 

19 

1.37 
1.47 

1.59 
1.88 
1.28 
1.35 

TOTAL 
INCLOIP 

22 
18.70 
16.60 
15.85 

2.50 

3.04 

26f 

:.80 

o 

7.05 

i.91 

2.21 

2.62 

3.25 

3.79 
4.54 

6.95 
13.90 
21.50 

2.31 

2.85 

3.34 

3.75 

5.95 

7.90 
11.95 

1.97 
2.46 
2.92 
3.28 
4.57 

5.80 

8.20 

20% 

30% 
1.32 

30 

1.58 
1.72 
1.85 

2.19 

1.48 
1.55 

See the Reference Section for reference number information. Crew Listings and City Cost Indexes 
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SITE WORK A12.1- 724 Common Earth Backfill 

The Common Earth Backfilling System 
includes: a bulldozer to place and level 
backfill in specified lifts: compaction 
equipment; and a water wagon for 
adjusting moisture content 

The Expanded System Listing shows 
Common Earth Backfilling with 
bulldozers ranging from 75 H.P. to 
300 H.P. The maximum distance ranges 
from 50' to 300'. Lifts for the compaction 
range from 4" to 8". There is no waste 
included in the assumptions. 

System Components 
SYSTEM 12.1-724-1000 

EARTH BACKFILL, 75 HP DOZER & ROLLER, 50' HAUL, UIFTS, 2 PASSES 

Backfilling, dozer 75 H.P. 50' haul, common earth, from stockpile 

Water wagon, rent per day 

Compaction, roller, 4' lifts, 2 passes 

Total 

QUANTITY 

1.000 
.004 
.035 

UNIT 

C.Y. 

Hr. 

Hr. 

COST PER C.Y. 

EQUIP. 

1.23 

LABOR        TOTAL 

.43 

.12 
1.84 

2.39 

.74 

.39 

2.49 

3.62 

12.1-724 

(ft 

! 

1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 

Earth backfill,75 HP dozer & roller compactors,50' haul,4" lifts.2 passes 
A nacetc 

Common Earth Backfill 

4 passes 

8' lifts, 2 passes 

4 passes 

150' haul, 4' lifts, 2 passes 

  4 passes 

8' lifts, 2 passes 

4 passes 

1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 
2050 
2100 
2150 
2200 
2250 
2300 
2350 
2600 
2650 

300' haul, 4* lifts, 2 passes 

  4 passes 
8' lifts, 2 passes 

4 passes 

EQUIP. 

COST PER C.Y. 

105 HP dozer & roller compactors, 50' haul, 4" lifts, 2 passes 

 4 passes 

8' lifts, 2 passes 

4 passes 
150' haul. 4' lifts, 2 passes 

 4 passes 

8' lifts, 2 passes 

4 passes 

300' haul, 4' lifts, 2 passes 

 4 passes 

8' lifts, 2 passes 

4 passes 

200 HP dozer £ roller compactors, 150' haul, 4" lifts, 2 passes 

4 passes 

8' lifts, 2 passes 

4 passes 

2700 

2750 

300' haul, 4' lifts, 2 passes 

4 passes 

8' lifts, 2 passes 

  4 passes 

1.23 
1.88 
.91 

1.23 
1.53 
2.18 
1.21 
1.53 
1.83 
2.48 
1.51 
1.83 
1.28 
1.93 
.96 

1.28 
1.65 

LABOR 

2.39 

4.23 

1.50 
2.39 
2.82 
4.66 

2.30 

1.33 
1.65 
1.99 
2.64 
1.67 
1.99 
1.70 
2.31 
1.40 
1.70 
2.11 
2.72 
1.81 
2.11 

1.93 
2.82 
3.23 
5.05 
2.34 
3.23 
2.30 
4.14 
1.41 
2.30 
2.65 
4.49 
1.76 
2.65 
2.97 
4.81 

TOTAL 

3.62 
6.11 
2.41 
3.62 
4.35 
6.84 
3.14 
4.35 

2.08 
2.97 
1.55 
2.60 
1.03 
1.55 
1.74 
2.79 
1.22 
1.74 

5.06 
7.53 
3.85 
5.06 
3.58 
6.07 
2.37 
3.58 
4.30 
6.79 
3.09 
4.30 
4.96 
7.45 
3.75 
4.96 
3.25 
4.91 
2.43 
3.25 
3.85 
5.51 
3.03 
3.85 

310 
See the Reference Section for reference number information, Crew Listings and City Cost Indexes 
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SITE WORK A12.1-414 Excavate Common Earth- 

The Excavation of Common Earth 
System balances the productivity of the 
excavating equipment to the haufing 
equipment It Is assumed that the haufing 
equipment will encounter Ight traffic and 
will move up no considerable grades on 
the haul route. No mobfeatlon cost Is 
Included. Al costs given In these systems 
Include a swell factor of 25% for hauling. 

The Expanded System Listing shows 
Excavation systems using backhoes 
ranging from 1/2 Cubic Yard capacity to 
3-1/2 Cubic Yards. Power shovels 
Indicated range from 1/2 Cubic Yard to 
3 Cubic Yards. Dragfine bucket rigs range 
from 1/2 Cubic Yard to 3 Cubic Yards. 
Truck capacities range from 6 Cubic 
Yards to 20 Cubic Yards. Each system 
Ists the number of trucks Involved and • - 
the distance (round trip) that each must 
travel 

System Components 
SYSTEM 12.1414-1000     

EXCAVATE COMMON EARTH, 1/2 $FF3 CY BACKHOE, TWO 6 CY DUMP TRUCKS, 1 MRT 
Excavating, bulk hyd. bacxhoe wheel mtd., 1/2 CY. 
Haul earth, 6 CY. dump truck, 1 mile round trip, 3.3 loads/hr 
Spotter at earth till dump or in cut 

Total 

QUANTITY 

1.000 
1.000 
.020 

UNIT 

CY. 
CY. 
Hr. 

12.1-414 
1000 
1200 

Excavate Common Earth 

1400 
1600 
1700 
1800 
1900 
2000 
2200 
2300 

_-TF24ÖÖ 

2500 
2600 
2700 

Excavate common earth, 1/2 CY. backhoe,two 6 CY. dump trucks, 1MRT 
Three 6 CY. dump trucks, 3 mile round trip  
Two 12 CY. dump trucks, 4 mile round trip 

3/4 CY. backhoe, three CY. dump trucks, 1 mile round trip 
Five 6 CY. dump trucks, 3 mile round trip 
Two 12 CY. dump trucks, 2 mile round trip 
Two 16 CY. dump trailers, 3 mile round trip 
Two 20 CY. dump trailers, 4 mile round trip 

1-1/2 CY. backhoe, eight 6 CY. dump trucks, 3 mile round trip 
Four 12 CY. dump trucks, 2 mile round trip 
Six 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 2 mile round trip 

2800 
2900 
3000 
3100 
3200 
3400 
3600 
3800 
4000 
4100 
4200 
4300 
4400 
4500 
4800 
4900 
5000 
5100 
5200 
5400 

Two 20 CY. dump trailers, 1 mile round trip 
Three 20 CY. dump trailer, 3 mile round trip 

2-1/2 CY. backhoe, six 12 CY. dump trucks, 1 mile round trip 
Eight 12 CY. dump trucks, 3 mile round trip 
Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 
Six 20 CY. dump trailers, 4 mile round trip 

3-1/2 CY. backhoe, six 16 CY. dump trailers, 1 mile round trip 
Ten 16 CY. dump trailers, 4 mile round trip 
Eight 20 CY. dump trailers, 3 mile round trip 

1/2 CY. pwr. shovel, (our 6 CY. dump trucks, 2 mile round trip 
Two 12 CY. dump trucks, 1 mile round trip 
Four 12 CY. dump trucks, 4 mile round trip 
Two 16 CY. dump trailers, 2 mile round trip 
Two 20 CY. dump trailers, 4 mile round trip 

3/4 CY. pwr. shovel, six 6 CY. dump trucks, 2 mile round trip 
Three 12 CY. dump trucks, 1 mile round trip  
Five 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 3 mile round trip 
Three 20 CY. dump trailers, 4 mile round trip 

1-1/2 CY. pwr. shovel, six 12 CY. dump trucks, 1 mile round trip 

COST PER CY. 
EQUIP. 

.92 
1.86 

2.78 

LABOR 

1.49 
1.26 
.48 

3.23 

COST PERCY. 
EQUIP. 

2.78 
5.45 
4.60 
2.69 
5.25 
3.55 
3.61 
3.67 

LABOR 
3.23 
5.10 
4.05 
2.58 
4.58 
2.93 

5.15 
3.27 
4.26 
3.14 
2.41 
3.22 
2.59 
3.56 
2.54 
3.41 
3.36 
3.03 
4.25 
3.51 
4.27 
2.77 
4.21 
3.09 
3.57 

4.15 
2.66 
4.21 
3.49 
3.44 
2.54 

2.41 
2.54 
3.92 
2.31 
2.82 
1.79 
1.47 
1.83 
1.60 
2.18 
UO 
1.78 
1.75 
1.29 
1.85 
1.52 
3.50 
2.21 
2.90 
2.07 
2.41 

3.37 
1.88 
2.78 
2.08 
2.05 
1.59 

TOTAL. 

2.41 
3.12 

.48 

6.01 

TOTAL 
6.01 

10.55 
8.65 
5.27 
9.83 
6.48 
6.02 
6.21 
9.07 
6.58 
7.08 
4.93 
3.88 
5.05 
4.19 
5.74 
3.84 
5.19 
5.11 
4.32 
6.10 
5.03 
7.77 
4.98 
7.11 
5.16 
5.98 

7.52 
4.54 
6.99 
5.57 
5.49 
4.13 

300 See the Reference Section for reference number information, Crew Listings and City Cost Indexes 
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| SITE WORK A12.1-724- Common Earth Backfill-. ^ 

■ *     KlWv 

-    • 

The Common Earth Backfilling System 
includes: a bulldozer to place and level 
backfill In specified lifts; compaction 
equipment; and a water wagon for 

_.    _                                           adjusting moisture content 

- —: 

£=^V-     r\V     nkfeg; _Z«U^                              The Expanded System Ustino. shows 
■^i-—-""^                      •—I    inv nw^il                                    Common Earth Backfillim with 

bulldozers ranging from 75 H.P. to 
300 HP, The maximum distance range 
from 50'to 300'. Ufts for the compactio 
range from 4" to 8". There is no waste 
included In the assumptions. 

-4=     .1 

s      ■    —- 

n 

System Components 
QUANTITY UNIT 

COST PER C.Y. 
EQUIP. LABOR TOTAL 

SYSTEM 12.1-724-1000 
EARTH BACKFILL, 75 HP DOZER I ROLLER, 50' HAUL, UIFTS, 2 PASSES 

Backfilling, dozer 75 H.P. 50' haul, common earth, from stockpile 
Water wagon, rent per day 
Compaction, roller, 4' lifts, 2 passes 

Total 

1.000 
.004 
.035 

C.Y. 
Hr. 
Hr. 

.31 

.27 

.65 

.43 

.12 
1.84 2.49 

1.23 2.39 3.62 

12. 1-724 Common Earth Backfill COST PERCY. 
EQUIP. LABOR TOTAL 

1000 
1050 

Earth backfill,75 HP dozer & roller compactors,50' haul,4* lifts,2 passes 
4 passes 

1.23 
1.88 

2.39 
4.23 

3.62 
6.11 

1100 
1150 

8' lifts, 2 passes 
4 passes 

.91 
1.23 

1.50 
2.39 

2.41 
3.62 

1200 
1250 

150'haul, 4'lifts, 2 passes 
4 passes 

1.53 
2.18 

2.82 
4.66 

4.35 
6.84 

1300 
1350 

8'lifts, 2 passes 
4 passes 

1.21 
1.53 

1.93 
2.82 

3.14 
425 

1400 
1450 

300' haul, 4' lifts, 2 passes 
4 passes 

1.83 
2.48 

3.23 
5.05 

5.06 
7.53 

1500 
1550 

8' lifts, 2 passes 
4 passes 

1.51 
1.83 

2.34 
3.23 

3.85 
5.06 

1600 
1650 

105 HP dozer & roller compactors, 50' haul, 4' lifts, 2 passes 
4 passes 

1.28 
1.93 

220 
4.14 

3.58 
6.07 

1700 
1750 

8' lifts, 2 passes 
4 passes 

.96 
1.28 

1.41 
220 

227 
3.58 

1800 
1850 

150' haul, 4' lifts, 2 passes 
4 passes 

1.65 
2.30 

2.65 
4.49 

4.30 
6.79 

1900 
1950 

8'lifts, 2 passes 
4 passes 

1.33 
1.65 

1.76 
2.65 

3.09 
4.30 

2000 
2050 

300'haul, 4'lifts, 2 passes 
4 passes 

1.99 
2.64 

2.97 
4.81 

4.96 
7.45 

2100 
2150 

8' lifts, 2 passes 
4passes 

1.67 
1.99 

2.08 
2.97 

3.75 
4.96 

2200 
2250 

200 HP dozer & roller compactors, 150' haul, 4' lifts, 2 passes 
4 passes 

1.70 
2.31 

1.55 
2.60 

3.25 
4.91 

2300 
2350 

8'lifts, 2 passes 
4 passes 

1.40 
1.70 

1.03 
1.55 

2.43 
3.25 

2600 
2650 

300' haul, 4' lifts, 2 passes 
4 passes 

2.11 
2.72 

1.74 
2.79 

3.85 
5.51 

2/00 
2750 

8' lifts, 2 passes 
4 passes 

1.81 
2.11 

1.22 
1.74 

3.03 
3.85 

310 See the Reference Section for reference number information, Crew Listings and City Cost Indexe 



*029 | Landscaping 
029 200 | Soil Preparation I 0A11T | MAN- 

CREW |oUTPUT| HOURS UNIT 

1554 JAS£ COSTS TOTAL 

LNCLMJ> "• MAT. LA30R KUlf». TOTAL 
2C4 6CC0 

50:0 

i:i::ng apsai. 20 K? tractor, oisk harrow, 2' deep 8-66 

I 
50,000 

40.000 

.001 

.001 

S.Y. .01 

.02 

204 

H 
51001                    5'deep 

£150 i         25' roteliller. 2" deep 

1 
T 
A-l 

30.0001 .001 

1.250 | .006 

.31 

.12 

.01 

.05 

.02 

.17 

.02 

25 
5200 

5250 

4'deeo 

6" (Jeep " 
1,000 

750 

.008 

.011 " 
.15 

JO 

.06 

.08 

21 

23 

J2 

.43 
70G0 Lawn maintenance see Division 029-700 

< 203 o 
3J 

OOiO 

01C0 

PUNT BED PREPARATION 

Backfill planting pit, by hand, on site topsoil 2CW) 18 .889 CY. 16.90 16.90 28.50 

208 

* 0200 

0300 

Prepared planting mu 

Skid steer loader, on site topsoil 8-62 

24 

340 

.667 

.071 

12.55 

1.44 .23 
12.65 

1.72 

21.50 

2.70 
0400 

10CO 

Prepared planting mil 

Excavate planting pit, by hand, sandy soil 2Qab 

410 

16 

.059 

1 

120 

19 

23 1.43 

19 

224 

32 
1100 

12C0 

Heavy soil or clay 

1/2 C.Y. backhoe, sandy soil 8-11C 

8 

150 

2 

.107 

33 

2.31 1.33 

38 

3.64 

64 

5.25 
1300 

2CCC 

Heavy soil or clay 

Vix planting soil, incl. loam, manure, peat, by hand 

•   | 115 

2CUbl   60 

.139 

.257 24 
3.02 

5.05 

1.74 4.76 

29.05 

6.65 

35 
21C0 

3000 

Skid steer loader 

Pile sod. skid steer loader 
E-62 150 

2.800 

.160 

.009 
T 

S.Y. 

24 3.28 

.18 

.64 

.03 

27.92 

21 

32.50 

J3 
3100 

4000 

Sy hand 

Remove sod, F.E. loader 
2 Cab 

B-10S 

400 

2,000 

.040 

.006 

.76 

.14 .16 
.76 

JO 

128 

J9 
4100 

4200 

Sod cutter 

By hand 
B-12K 

2 Cub 

3.200 

240 

.005 

.067 i ' 
.12 

1.27 

.26 J8 

127 

.48 

2.13 

029 300 | Lawns & Grasses 
308 0010 

0100 

SEEDING Athletic field mix, 8#/M.S.F., push spreader 

Tractor spreader 
R029 
•310 

A-l 

B-66 

10 

52 

.800 

.154 

M.< I. 11.80 

11.80 

15.20 

3.60 

5.85 

3.51 

32.85 

18.91 

45 

22.50 

308 

0200 

0400 

Hydro or air seeding, with mulch & lertil. 

Birdsfoot trefoil, .45#/M.S.F., push spreader 
6-81 

A-l 

80 

10 

.300 

.800 

25.50 

13.95 

6.30 

15.20 

6.90 

5.85 

38.70 

35 

46 

47.50 
0500 

0600 

Tractor spreader 

Hydro or air seeding.with mulch & fertil. 
8-66 

B-81 

52 

80 

.154 

JOO 

13.95 

28.50 

3.60 

6J0 

3.51 

6.90 

21.06 

41.70 

25 

49.50 
(WOO 

0900 

3luegrass, 4#/M.S.F., common, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

iOO 

.154 

5.05 

5.05 

15.20 

3.60 

5.85 

3.51 

26.10 

12.16 

37.50 

15.20 

"^ 
1000 

1100 
Hydro or air seeding, with mulch & fertil. 

Baron, push spreader 
B-81 

A-l 

80 

10 

JOO 

.800 

19.15 

10.60 

6.30 

15.20 

6.90 

5.85 

32J5 

31.65 

39 

13.50 
1200 

1300 

Tractor spreaoer 

Hydro or air seeding, with mulch & fertil. 
6-66 

B-81 

52 

80 

.154 

JOO 

10.60 

25.50 

3.60 

6.30 

3.51 

6.90 

17.71 

38.70 

21.50 

46 
1500 

1600 

Cover, 0.67#/M.S.F., white, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

.800 

.154 

2.50 

2.50 

15.20 

3.60 

5.85 

3.51 

23.55 

9.61 

34.50 

12.40 
1/00 

1800 

Hydro or air seeding, with mulch and fertil. 

Ladino, push spreader 
B-81 

A-l 
80 

10 

JOO 

iOO 

16.65 

4.23 

6J0 

1520 

6.90 

5.85 

29.85 

2528 

36.50 

36.50 
1900 

2000 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 
B-66 

Ml 

52 

80 

.154 

JOO 

4.23 

18.20 

3.60 

6.30 

3.51 

6.90 

11J4 

31.40 

14J0 

38 
2200 

2300 

Fescue 5.5#/M.S.F., tall, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

.800 

.154 

7J5 

7J5 

15.20 

3.60 

5.85 

3.51 

28.40 

14.46 

40 

17.70 
2400 

2500 

Hydro or air seeding, with mulch and fertilizer 

Chewing, push spreader 
B-81 

A-l 

80 

10 

JOO 

.800 

22.50 

8.55 

6J0 

15.20 

6.90 

5.85 

35.70 

29.60 

42.50 

41.50 
2600 

2700 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 
B-66 

B-81 

52 

80 

.154 

JOO 

8.55 

23.50 

3.60 

6.30 

3.51 

6.90 

15.66 

36.70 

19.05 

43.50 
2900 

3000 

Crown vetcn, 41/M.S.F., push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

.800 

.154 

38.50 

38.50 

15.20 

3.60 

5.85 

3.51 

59.55 

45.61 

74.50 

52 
3100 

3300 

Hydro or air seeding, with mulch and fertilizer 

Rye, 10//M.S.F., annual, push spreader 
B-81 

A-l 
80 

10 

JOO 

iOO 

53 

4.83 

6.30 

1520 

6.90 

5.85 

6620 

25.88 

76 

37 
3400 

3500 

Tractor spreader 

Hydro or air seeding, with mulch and fertilizer 

B-66 

B-81 

52 

. 80 

.154 

JOO ' r 
4.83 

13.25 

3.60 

6.30 

3.51 

6.90 

11.94 

31.45 

14.95 

38 

108 See the Reference Section for reference mmber information. Crew Listings and City Cost Indexes 
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I   021 1 Site Preparation and Excavation Support 
,021 100 | Site Clearing 

OtEW 

DULY 

OUTPUT 

HAH- 

HouK INTT 

1K41ARE COSTS TOTAL . 

ntttOtf MAT. LABOR EQUIP. TOTAL 

-IM 

*4 

,0010 

0150 

CLEAR AND GRUB Light, trees to 6' diam., cut & chip 

Grub stumps and remove 

B-7 

8-30 

l 

2 

48 

12 

Acre 970 

255 

1.075 

740 

2,045 

995 

2,700« 

1300« 
JR 

0160 

0200 

Clear & grub brush (stumps 

Medium, trees to 12* diam., cut & chip 

• 

B-7 .70 
41379 

68371 

880 

1375 

2,550 

1,525 

3,430 

2.900 

4,150 

3350 
0250 

0260 

Grub stumps and remove 

Clear & grub dense brush & stumps 

B-30 
* 

1 

.47 

24 

51.064 

510 

1,075 

1,475 

3,150 

1385 

4325 

2,400 

5,125 
0300 

0350 

Heavy, trees to 24' diam., cut & chip 

Grub stumps and remove 

8-7 

B-30 

30 

30 

160 

48 

3,225 

1,025 

3,575 

2,950 

6300 

3375 

9,025 

4325 
0400 

3000 

If burning is allowed, reduce cut & chip 

Chipping stumps, to 18* deep, 12* diam. ft86 20 .400 Ea. 9.75 7.95 17.70 

40% 

2330 
3040 

3080 

18* diameter 

24' diameter 

16 

14 

.500 

.571 

12.20 

1190 

935 

1135 

22.15 

2535 

2930 

34 

3100 

3120 

30" diameter 

36' diameter 

12 

10 

.667 

300 

1635 

19.50 

1335 

1530 

2930 

35.40 

3930 

4730 
3160 

5000 

48* diameter 

Tree thinning, feller buncher, conifer 
\ 8 1 T 24.50 1935 4435 5930 

5080 

5120 

Up to 8'diameter 

12* diameter 

B- 93 240 

160 

.033 

.050 

El 31 

132 

1.42 

2.13 

233 

335 

230 

431 
5240 

5280 

Hardwood, up to 4' diameter 

8* diameter 

240 

180 

.033 

.044 

31 

1.08 

1.42 

139 

233 

2.97 

230 

3.74 
5320 

7000 

12* diameter 

Tree removal, congested area, aerial lift truck 
1 ' 120 .067 T 1.62 234 4.46 5.60 

7040 

7080 

8'diameter 

12* diameter 
B- 15 7 

6 

5.714 

6.667 

E L 115 

135 

no 
128 

225 

263 

300 

350 
7120 

7160 

18* diameter 

24* diameter 
5 

4 

8 

10 

162 

202 

154 

193 

316 

395 

425 

525 
7240 

7280 

36' diameter 

48* diameter i ' 
3 

2 

13333 

20 ' ' 
269 

405 

257 

385 

526 

790 

705 

1,050 
10t 0010 

0100 

CLEARING Brush with brush saw 

By hand 

A-l 35 

.12 

32 

66.667 

Ac K 610 

1375 

234 

485 

844 

1,760 

1325 

2325 

108 

0300 

0400 

With door, ball and chain, light clearing 

Medium clearing 

B-11A 
* 

2 

1.50 

8 

10.667 

173 

231 

410 

545 

583 

776 

720 

960 
0500 

0550 

With dozer and brush rake, light 

Medium brush to 4' diameter 

B-: IB 1 

.60 

16 

26.667 

345 

580 

1,025 

1,725 

1370 

2305 

1,675 

2,775 
0600 

1000 

Heavy brush to 4' diameter 

Brush mowing, tractor w/rotary mower, no removal 
i ' .40 40 1 ' 865 2,575 3,440 4,175 

1020 

1040 

Light density 

Medium density 
ft 14 2 

130 

4 

5333 

Ac ff 9730 

130 

104 

139 

20130 

269 

264 

350 
1080 Heavy density i ' 1 8 i ' 195 209 404 530 

116 0010 

0020 

FELLING TREES t PILING With tractor, large tract, firm 

level terrain, no boulders, less than 12' diam. trees 
116 

0300 

0340 

300 HP dear, up to 400 trees/acre, 0 to 25% hardwoods 

25% to 50% hardwoods 

8-1 0M .75 

£0 

16 

20 

Ac re 360 

450 

1325 

1,650 

1,685 

2,100 

2,000 

2325 
0370 

0400 

75% to 100% hardwoods 

500 trees/acre, 0% to 25% hardwoods 

.45 

30 

26.667 

20 

600 

450 

2325 

1,650 

2325 

2,100 

3350 

2325 
0440 

0470 

25% to 50% hardwoods 

75% to 100% hardwoods 

.48 

36 

25 

33333 

565 

750 

2,075 

2,775 

2,640 

3,525 

3,150 

4325 
0500 

0540 

More than 600 trees/acre, 0 to 25% hardwoods 

25% to 50% hardwoods 

i2 
.42 

23.077 

28.571 

520 

645 

1,925 

2,375 

2,445 

3,020 

2,900 

3,600 
0570 

0900 

75% to 100% hardwoods 

Large tract clearing per tree 
i ' 31 38.710 i r 875 3300 4,075 4,875 

1500 

1550 

300 HP deer, to 12* diameter, softwood 

Hardwood 

B-l 0M 320 

100 

.038 

.120 

E i. 35 

2.71 

3.11 

9.95 

3.96 

12.66 

4.73 

15.15 
1600 

1650 

12' to 24* diameter, softwood 

Hardwood _; L_ 

200 

80 

.060 

.150 _: 

135 

3.39 

4.98 

12.45 

633 

15.84 

7.60 

18.95 

ß-26 
29 



SITE WORK A12.1-612      Load & Haul Sand & Gravel 

The Loadng and Hauling of Sand and 
Gravel System balances the productivity 
of loading equipment to hauling 
equipment It Is assumed that the hauGng 
equipment will encounter light traffic and 
wM move up no considerable grades on 
(he haul route. 

The Expanded System Listing shows 
Loading and HauOng systems that use 
either a track or wheel front-end leader. 
Track loaders Indicated range from 
1-1/2 Cubic Yards capacity to 4-1/2 
Cubic Yards capacity. Wheel loaders 
range from 1-1/2 Cubic Yards to 5 Cubic 
Yards. Trucks far haufing range from 
12 Cubic Yards capacity to 20 Cubic 
Yards capacity. Each system lists the 
number of tucks Involved and the 
distance (round trip) that each must 
travel. 

System Components 
SYSTEM 12.1-612-1000 

LOAD I HAUL SAND I GRAVEL,M/2$FF3 CY LOADER, FOUR 12 CY TRUCKS, 1MRT 
Excavating bulk, F.L loader, track mtd., Iß CY. 
Haul earth, 12 CY. dump truck, 1 mile round trip, 2.7 loads/hr 
Spotter at earth (ill dump or in cut 

3D 

Total 

12.1-612 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
3000 
3200 
3600 

QUANTITY 

1.000 
1.000 
.040 

UNIT 

CY. 
CY. 
Hr. 

Load & Haul Sand & Gravel 
üHd & haul sand&gravel,M/2CY tr.loader.fcur 12CY dump trucks,lMRf 

Six 12 CY. dump trucks, 3 mile round trip 
Four 16 CY. dump trailers, 3 mile round trip 
Three 20 CY. dump trailers, 2 mile round trip 
Four 20 CY Jump trauere, 4 mile round trip 

2-1/2 CY. track loader, six 12 CY. dump trucks, 2 mile round trip 
Eight 12 CY. dump trucks, 4 mile round trip 
Five 16 CY. dump trailers, 3 mile round trip 

4000 
4200 
4400 
4600 
5000 
5200 
5400 
5600 
6000 
6200 

Three 20 CY. dump trailers, 1 mile round trip 
3-1/2 CY. track loader, six 12 CY. dump trucks, 1 mile round trip 

Six 16 CY. dump trailers, 2 mile round trip 
Bght 16 CY. dump trailers, 4 mile round trip 

4-1/2 CY. track loader, six 16 CY. dump trailers, 1 mile round trip 
Eight 16 CY. dump trailers, 2 mile round trip 
Eight 20 CY. dump trailers, 3 mile round trip 
Nine 20 CY. dump trailers, 4 mile round trio 

1-1/2 CY. wheel loader, lour 12 CY. dump trucks, 1 mile round trip" 
Six 12 CY. dump bucks, 3 mile round trip 
Four 16 CY. dump trailers, 2 mile round trip 
Five 16 CY. dump trailers, 4 mile round trip 

6400 
6600 
7000 
7200 
7400 
7600 

3 CY. wheel loader, ten 12 CYdump trucks, 3 mile round trip 
Five 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 2 mile round trip 
Seven 20 CY. dump trailers, 4 mile round trip 

5 CY. wheel loader, eight 16 CY. dump trailers, 1 mile round trip 
Twelve 16 CY. dump trailers, 3 mile round trip 
Nine 20 CY. dump trailers, 2 mile round trip 
Twelve 20 CY. dump trailers, 4 mile round 

COST PER CY. 
EQUIP. 

.43 
1.94 

2.37 

LABOR 

.47 
1.07 
.12 

1.66 

COST PER CY. 
EQUIP. 

2.37 
3.22 

LABOR 

3.13 
2.42 
3.07 
2.87 
3.84 
3.16 
2.06 
2.58 
2.87 
3.57 
2.37 
2.76 

1.66 
2.23 
1.84 
1.52 
1.81 
1.92 
2.46 
1.71 
1.22 
1.56 
1.48 
1.76 
1.13 
1.30 

2.82 
3.11 
2.33 
3.18 
2.64 
3.36 
3.03 
2.08 
2.51 
2.85 
2.26 
3.06 
2.36 
3.01 

1.34 
1.46 
1.65 
2.23 
1.56 
1.90 
1.89 
1.11 
1.40 
1.52 
1.08 
1.44 
1.13 
1.42 

TOTAL 

.90 
3.01 

.12 

4.03 

TOTAL 
4.03 
5.45 
4.97 
3.94 
4.88 
4.79 
6.30 
4.87 
3.28 
4.14 
4.35 
5.33 
3.50 
4.06 
4.16 
4.57 
3.98 
5.41 
4.20 
5.26 
4.92 
3.19 
3.91 
4.37 
3.34 
4.50 
3.49 
4.43 

304 
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SITE WORK A12.1-722 Gravel Backfill 

5=2t 

The Gravel Backfilng System includes: a 
bulldozer to place and level backtl In 
specified Brts; compaction ecrufpmer* 
and a water wagon «or adjusting moisture 
content 

The Expanded System Usflng shows 
Gravel Backfilling operations with 
bulldozers ranging from 75 H.P. to 
300 H.P. The maximum nauEng distance 
ranges from 50' to 300'. lifts tor the 
compaction range from 6* to 12". There 
Is no waste Included In the assumptions. 

System Components 
SYSTEM 12.1-722-1000 

GRAVEL BACKFILL, 75 HP DOZER I COMPACTORS,50' HAUL, 6' UFTS.2 PASSES 
Backfilling, dozer, 75 H.P., 50' haul, sand and grave), from stockpile 
Water wagon rent per day 
Compaction, vibrating roller, 6' lifts, 2 paws 

Total 

QUANTITY 

1.000 
.003 

1.000 

UNIT 

C.Y. 
Hr. 
C.Y. 

rÜ 
§ 
9 

12.1-722 
1000   Gravel backfill, 75 HP doar & compactors, 50' haul, 6*lifts, 2 passes 
1050  4 passes 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 

Gravel Backfill 

4 passes 
12'lifts, 2 passes 

4 passes 
150'haul, 6'lifts, 2 passes 

4 passes 
12'lifts, 2 passes 

4 passes 
300'haul, 6'lifts, 2 passes 

105 HP dozer 

 4 passes  
12'lifts, 2 passes 
 4 passes  
& vibrating compactors, 50' haul, 6* lifts, 2 passes- 

 4 passes  
12' lifts, 2 passes 

4 passes 

1900 
1950 
2000 
2050 
2100 
2150 
2200 
2250 
2300 
2350 
2600 
2650 
2700 
2750 

150' haul, 6' lifts, 2 passes 
4 passes 

12* lifts, 2 passes 
4 passes 

300' haul, 6' lifts, 2 passes 
4 passes 

12'lifts, 2 passes 
4 passes 4 passes  

200 HP dozer & roller compactors, 150' haul, 6' lifts, 2 passes 
4 passes 4 passes 

12* lifts, 2 passes 
4 passes 

300' haul, 6' lifts, 2 passes 
4 passes 

12' lifts, 2 passes 
 4 passes 

COST PERCY. 
EQUIP. 

21 
.20 
.23 

.70 

LABOR 

1.33 

EQUIP. 
COST PERCY, 

.70 
1.07 
.45 
.70 
.97 

1.34 
.84 
.97 

1.24 
1.61 
.99 

1.24 
.76 

1.13 
.51 
.76 

1.09 
1.46 
.84 

1.09 
U8 
1.75 
1.13 
1.38 
1.08 
1.35 
.88 

1.08 
1, 
1, 
.46 

1.73 
1.26 
1.46 

LABOR 
1J3 
2.25 
.84 

1.33 
1.71 
2.63 
1.65 
1.71 
2.08 

1.59 
2.08 
1.26 
2.18 

.77 
1.26 
1.58 
2.50 
1.09 
1.58 
1.85 
2.77 
1.36 
1.85 
.59 
.81 
.45 
.59 
.77 
.99 
.63 
.77 

TOTAL 

.65 

.29 
1.09 

TOTAL 

308 
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025 I Paving and Surfacing 

3 
</> 

30 

a 25 100 1 Walk/Rff/Darlnwi Dovinn DAJIY 
OUTPUT 

MAN- 

HOURS 

1994 BARE COSTS TOTAL. 

Maov CREW UNIT MAT. LABOR ESUV. TOTAL 
104 uouu 

0120 

Binder course, 1-1/2* thick 

2* thick 
B-25 7,725 

6345 

.011 

.014 

S.Y. 1.99 

2.65 

24 

29 

21 

25 

2.44 

3.19 

2.79 

3.65 

1 

-» U160 

0200 

3" thick 

4*»»ck                           Mssse-MBy i ' 
4,905 

4,140 

.018 

.021 

3.94 

525 

37 

.44 

33 

39 

4.64 

6.08 

525 

6.90 

c 

0300 

0340 
Wearing course, 1* thick                       ^M^lSS* R.WR 10,575 

7,725 

.009 

.012 

1.44 

2.18 

.19 

26 

.17 

24 

130 

2.68 3.07 
1-1/2' thick                               -wjgsr-*- 

U48U 

0420 

2* thick 

2-1/2- thick 

6,345 

5,480 

.015 

.018 

2.93 

3.62 

32 

37 

29 

33 

3.54 

432 

4.05 

4.92 
0460 

0800 

3'thick 

Alternate method of figuring paving costs 
^ 4,900 .020 ▼ 431 .41 37 5.09 530 

0810 

0811 
Binder course, 1-1/2* thick 

2* thick 
B-25 630 

690 

.140 

.128 

Ton 26 

26 

2.88 

2.63 

2.56 

234 

31.44 

30.97 

36 

35 
0812 

0813 

3'thick 

4* thick 
i' 

800 

900 

.110 

.098 

26 

26 

227 

2.02 

2.02 

1.79 

3029 

29.81 

34.50 

33.50 
08bU 

0851 

Wearing course, 1* thick 

1-1/2* thick 
B-25B 575 

630 

.167 

.152 - 
26.50 

26.50 

3.50 

3.19 

3.19 

2.91 

33.19 

32.60 

38.50 

3730 
0852 

0853 

2" thick 

2-1/2* thick 
690 

745 

.139 

.129 

26.50 

26.50 

2.91 

2.70 

2.66 

2.46 

32.07 

31.66 

37 

36.50 
Ü8M 

1000 

3* thick 

Pavement replacement over trench, 2' thick 
"/ 

B-37 

800 

90 

.120 

.533 
T 

S.Y. 

26.50 

1.47 

2.51 

10.70 

229 

1.50 

3130 

13.67 

36 

20 
1UW 

1080 

4* thick 

6* thick 
V 

70 

55 

,686 

.873 w 

6.45 

9.95 

13.75 

17.50 

1.93 

2.46 

22.13 

29.91 

3030 

41 
1ÜÜ U010 

0200 
A5PHALTIC CONCRETE At the plant (145 lb. per C.F.) 

All weather patching mix 
RQ2S 
•110 

T m 23.50 

26.50 
23.50 

2630 

26 

29 

1( 

0400 

0400 

bermmix 

Base mix 
26.50 

23.50 

26.50 

£.50 

29 

26 
UbUU 

0600 

Binder mix 

Sand or sheet mix 
23.50 

27.50 

2330 

2730 

26 

30 
Mi 
2100 

Reclaimed pavement in stockpile 

Recycled pavement, at plant, ratio old: new, 70:30 
9.55 

19.15 

935 

19.15 

1030 

21 
2UU Ratio old: new, 30:70 

i ' 23.50 2330 26 

112 0U10 

0200 
CALCIUM CHLORIDE Delivered, 100 lb. bags, tnickload lots 

Solution, 4 lb. flake per gallon, tank truck delivery     - 
Ton 

Gal. 

310 

.62 

310 

.62 

340 

.68 

11 

lib UU10 

0020 
COLD LAID ASPHALT PAVEMENT 0.5 gal. asphalt/S.Y. per in. depth 

Well graded granular aggregate 
11 

U1UU 

0200 
Blade mixed in windrows, spread & compacted 4' course 

Traveling plant mixed in windrows, compacted 4* course 
B-90A 

B-906 

1,600 

3,000 

.035 

.016 

S. I 3.67 

3.67 

.78 

35 

.92 

.46 

537 

4.48 

625 

5.10 
U3U) 

0400 
Rotary plant mixed in place, compacted 4' course 

Central stationary plant, mixed, compacted 4* course 

• 

E-36 

3,500 

7,200 

.014 

.006 i r 

3.67 

735 

30 

.12 

.40 

.15 

437 

7.62 

4.95 

8.40 
120 U01U 

0020 
CONCRETE PAVEMENT Including joints, finishing, and curing 

Fixed form, 12' pass, unreinforced, 6* thick B-26 3,000 .029 S.Y. 13.50 .62 .60 14.72 16.50 

I: 

UM) 

0100 

7* thick 

8* thick 
2.850 

2,700 

.031 

.033 

16.10 

18.15 

.65 

.69 

.63 

.66 

1738 

19.50 

19.45 

22 
0200 

0300 
9'thick                                              «I!!!!! " 
10* thick                                               ^ 

2,900 

2,100 

.030 

.042 

20.50 

22.50 

.64 

.89 

.62 

.85 

21.76 

2424 

24 

27 
0400 

0500 

12* thick 

15* thick 
i r 

1,800 

1,500 

.049 

.059 i r 

27 

33.50 

1.04 

124 

.99 

1.19 

29.03 

35.93 

32 

40.50 
U51U 

0600 

For small irregular areas, add 

For continuous welded steel reinforcement over 10' wide, add S.Y. 

100% ion 
430 

OblO 

0700 

Under 10' wide, add 

Finishing, broom finish small areas 2Cefi 135 .119 ' f 2.76 

6.45 

2.76 4.13 
U/3U 

0740 

Transverse expansion joints, incl. premolded bit jt filler 

Transverse construction joint using bulkhead 
01 
f 

150 

73 

213 

.438 

LF. 
t 

1 

1.45 

4.82 

9.90 

.18 

38 

6 

11.73 

8.95 

17.70 
0750 

1000 

Longitudinal joint tie bars, grouted 

Curing, with sprayed membrane by hand 
B-23 

2 dab 

70 

1,500 

.571 

.011 

Ea. 

S.Y. 

225 

.15 

11.10 

20 

8.40 21.75 

35 

29.50 

.49 

58 See the Reference Section tor reference nurrfcerhfcnraticxi, Crew Liste 



? 
CM 

i 
cc 
«p 
LU 

i 
u. 
UJ 

V) z 

o 
3 

/c/1 KAISER 
ENGINEERS 

Alh*mn.hvL C^  X TT^Ci^^g-rienn 

— - ^e^- 

SHEET /OF  / 

DESIGNED BY. RRU -DATE ?/'/ 
CHECKED BY ^Tg DATE  =t/|/ü 

CSV- Cos- /^e   Cs/^^-n   CrmJ- -er-7c£ ^.c/e-f 

- ^3<^, 3/<? / 3o J <2£to 

/ iZJ-a/CosJ-z *3o3, OOP ] 

s 

ß-20 



I *& 
016 | Material and Equipment 

016 400 | Equipment Rental 
UNIT 

HOURLY 
OPER. 
COST 

RENT 
PER 
DAY 

RENT 
PER 

WEEK 

RENT 
PER 

MONTH 

CREW 
EQUIPMENT 

COST 
4M 3400 

3410 

29,0001b. 

Rotary mower, brush, 60", with tractor 
Ea. 11.15 

7.95 

480 

242 

1,435 

725 

4,300 

2.175 

37620 

208.60 

408 

3450 

3500 
Scrapers, towed type, 7 to 9 C.Y. capacity 

12 to 17 C.Y. capacity 
2.70 

5.50 

76.50 

235 

230 

705 

690 

2.125 

67.60 

185 
35W 

3600 
Self-propelled, 4 x 4 drive, 2 engine, 14 C.Y. capacity 

1 engine, 24 C.Y. capacity 
55.70 

67.70 

1,750 

2,100 

5,275 

6.265 

15,800 

18,800 

1,501 

1,795 
3bb0 

3700 
Self-loading, 1 ICY. capacity 

22 CY. capacity 
24.50 

30.70 

715 

1,100 

2,145 

3,325 

6,425 

9,975 

625 

910.60 
3/10 

3720 
Screening plant 110 hp. w / 5' x 10'screen 

5'x 16'screen '' 
15 

16 

395 

465 

1200 

1,400 
3,600 

4200 

360 

408 
3800 

3860 
Shovels, see Cranes division 016-460 

Shovel front attachment, mechanical, 1/2 C.Y. Ea. .90 70 210 630 4920 
38/0 

3880 
3/4C.Y. 

ICY. 
330 

3.55 

112 

170 

335 

510 
1,000 

1,525 

93.40 

130.40 
38% 

3910 
1-1/2 CY. 

3CY. 
3.95 

7.30 

193 

355 

580 

1,070 

1,750 

3200 

147.60 

272.40 
3950 

4110 
Stump chipper, 18* deep, 30 H.P. 

Tractor, crawler, with bulldozer, torque converter, diesel 75 H.P. 
1.60 

9.95 

243 

320 

730 

960 
2200 

2,875 

15830 

271.60 
4150 

4200 

105 H.P. 

140 H.P.                                            -            ^J$t^ 

13.55 

15.75 

490 

585 

1,475 

1,755 

4,425 

5275 

403.40 

477 
4260 

4310 
200 H.P.                                                 _-^&g^~!J 

27.45 

36.45 

1,000 

1,175 

3,000 

3,520 

9,000 

10,600 

819.60 

995.60 300 H.P.                                                      —-^!v^  
4J6Ü 

4380 
410 H.P. 

700 H.P. 
43.25 

87.85 

1,525 

3,425 

4,555 

10290 

13,700 

30,900 

1257 

2,761 
44ÜU 

4450 
Loader, crawler, torque conv., diesel, 1-1/2 C.Y., 80 H.P. 

1-1/2 to 1-3/4 C.Y., 95 H.P. 
11.40 

13.55 

430 

440 

1290 

1.325 

3,875 

3,975 

34920 

373.40 
4bll) 

4530 
1-3/4 to 2-1/4 C.Y., 130 H.P. 
2-1/2 to 3-1/4 C.Y., 190 H.P. 

17.30 

27.70 

555 

940 

1,670 

2,815 

5,000 

8,450 

472.40 

784.60 
4160 

4610 
4-1/2 to 5 CY., 275 H.P. 

Tractor loader, wheel, torque conv., 4 x 4,1 to 1-1/4 C.Y., 65 H.P. 
39.05 

8.45 

UOO 

260 

3.890 

780 

11,700 

2350 

1,090 

223.60 
4620 

4650 
1-1/2 to 1-3/4 C.Y., 80 H.P. 
1-3/4 to 2 CY., 100 H.P.                                     jjg^, 

*§°F 

10.85 

11.90 

385 

400 
1,155 

1,195 
3,475 

3,575 

31730 

33420 

•s— 

-: 
4/11) 

4730 
2-1/2 to 3-1/2 C.Y., 130 H.P.                            "*Mm 
3 to 4-1/2 C.Y., 170 H.P.                                  ~3^' - 17.10 

20.25 

500 

785 

1,495 

2.350 

4,475 

7,050 

43530 

632 
4/bU 

4810 
5-1/4 to 5-3/4 C.Y., 270 H.P. 
7to8CY.,375H.P. 

37.20 

54.50 
1,025 

1,350 

3,080 

4,070 

9250 

12200 

913.60 

1250 
48/0 

4880 
12-1/2 C.Y., 690 H.P. 

Wheeled, skid steer, 10 C.F., 30 H.P. gas 
112 

4.50 

2,475 

100 

7,420 

300 

22300 

900 

2.380 

96 
489U 

4900 
ICY., 78 H.P., diesel 

Trencher, chain, boom type, gas, operator walking, 12 H.P. 
620 

1.80 

320 

112 

965 

335 

2300 

1,000 

242.60 

81.40 
4910 

5000 
Operator riding, 40 H.P. 

Wheel type, diesel, 4'deep, 12* wide                          | £r> 
5.90 

12.80 

233 

450 

700 

1,350 

2,100 

4,050 

18720 

372.40 
6100 

5150 
Diesel, 6'deep, 20* wide                            ^ ■>*! 

Udder type, diesel, 5' deep, 8' wide                         l^p\ 
14.35 

8.70 

675 

315 

2,025 

950 

6,075 

2^50 

51930 

259.60 
5200 

J210 
Diesel, 8' deep, 16* wide                                  ^M^ 

Tree spade, self-propelled 
16.40 

5.35 

550 

460 

1,645 

1,375 

4325 

4,125 

46020 

31730 
5250 

5300 
iruck, dump, tandem, 12 ton paytoad 

Three axle dump, 16 ton paytoad 
16.50 

18.45 

320 

420 

965 

1255 

2,900 

3,775 

325 

398.60 
MbO 

5400 

5450 

5500 

5550 

5600 

Dump trailer only, rear dump, 16-1/2 CY. 

20 CY.                                                          -egg 

® 
320 

320 

153 

155 

460 

465 

1375 

1,400 

117.60 

118.60 
Flatbed, single axle, 1-1/2 ton rating                           Mjin 

3 ton rating                                                "^*SL> 
10.40 

10.45 

125 

128 

375 

385 

1,125 

1,150 

15820 

160.60 
on highway rear dump, 25 ton capacity 

35 ton capacity 
18.30 

29.50 

750 

1,150 

2250 

3,480 

6,750 

10,400 

596.40 

932 

S" 
6UUU Vibratory plow, 25 H.P., walking 

i r 125 117 350 1,050 80 

0U1U 

0150 
GENERAL EQUIPMENT RENTAL 

Aerial lift, scissor type, to 15' high, 1000 lb. cap., electric 
«16 
-410 Ea. 1.08 83.50 250 750 58.65 

420 
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SITE WORK A12.5.111 Bituminous Roadways 

The Bituminous Roadway System an 
Ested (or pavement thicknesses between 
34/2* and T and gravel bases from 3* to 
22" In depth. Systems costs are 
expressed per inear toot far varying 
widths of two and mutt-lane roads. Earth 
moving b not included. Granite curbs 
and Bne painting are added as required 
system components. 

System Components 
SYSTEM 12.5-111-1050 
BITUM, ROADWAY, TWO LANES, 3-Iff TH. PVMT., 3' TH. GRAVEL BASftf4' WIDE 

Compact subgrade, 4 ptsscs 
Bink gravel, 2 mi haul, do» spread 
Compidion granular material to 98% 
Grading, fine grade, 3 passe with trader 
Bituminous paving, binder course, 2-1/2* thick 
Bituminous paving, wearing course, 1' thick 
Curbs, granite, split tact, straight, 5' x 16' 
Painting Enes, refcetoriad. 4' wide 

TOTAL 

QUANTITY 

2.670 
.250 
.250 

2.670 
2.670 
2.670 
2.000 
1.000 

UNIT 

S.Y. 
C.Y. 
C.Y. 
S.Y. 
S.Y. 
S.Y. 
LF. 
LF. 

a- 

• 

COST PER LF. 
MAT. 

1.03 

9.72 
4.22 
2&20 

.31 

43.48 

INST. 

1.92 
1.12 
.11 

4.55 
2.43 
1.31 
9.84 
.13 

21.41 

TOTAL 

1.92 
115 
.11 

4.55 
12.15 
5.53 

38.04 
.44 

64.89 

12.5-111 

1050 
1100 
1150 
1300 
1350 
1400 
1550 
1600 
1650 
1800 
1850 
1900 
2050 
2100 
2150 
2300 
2350 
2400 
2550 
2600 
2650 
2800 
2850 
2900 
3050 
3100 
3150 
3300 
3350 
3400 
3550 
3600 

Bituminous Roadways 
Bitum. roadway, two lanes, 3-1/2* th. pvmt, 3* th. gravel base, 24' wide 

28'wide 
32'wide 

9* th. gravel base, 24'wide 
28'wide 
32'wide 

4'th. pvmt, 4'th. gravel base, 24'wide 
28'wide 
32'wide 

10* th. gravel base. 24' wide 
28'wide 
32'wide 

4'th. pvmt, 5'th. gravel base, 24'wide 
28'wide 
32'wide 

12* th. gravel base, 24'wide 
28'wide 
32'wide 

4-1/2' th. pvmt, 5' th. gravel base, 24' wide 
28'wide 
32'wide 

13*th. gravel base, 24' wide 
28'wide 
32'wide 

5'th. pvmt, 6'th. gravel base, 24'wide 
28'wide 
32'wide 

14'th. gravel base, 24'wide 
28'wide 
32'wide 

5-1/2* th. pvmt, 7' th. gravel base, 24' wide 
28'wide 

COST PER LF. 
MAT. 

43.50 
46.50 
48.50 
45.50 
48.50 
51.50 
45.50 
48.50 
51.50 
48 
51 
54 
46.50 
49.50 
52^0 
49 
52J0 
55.50 
4S\50 
51.50 
55 
51 
55 
58.50 
50.50 
54 
58 
53.50 
57.50 
61.50 
53 
57 

INST. 
21.50 
22.50 
24 
23 
25.50 
27.50 
21 
23 
25 
23.50 
26 
28 
22 
24 
26 
25 
27.50 
30 
22 
24 
26 
25.50 
28 
30.50 
23 
25 
27 
26 
29 
31.50 
23.50 
26 

TOTAL 
65 
69 
72J0 
68.50 
74 
79 
66.50 
71.50 
76.50 
71.50 
77 
82 
68.50 
73.50 
7&50 
74 
80 
85.50 
70.50 
75J0 
81 
76.50 
83 
89 
73.50 
79 
85 
79.50 
86£0 
93 
76.50 
83 

328 See the Reference Section to reference nurr^HoniaDon, Crew L^^ 
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021 I Site Preparation and Excavation Support 
021 100 | Site Clearing 

MEW 
DAILY    MAN- 

OUTPUT HOURS 

1994 BARE COSTS TOTAL 
UNIT MAT.      |    LABOR |   EQUIP. TOTAL 

116 

1 
1700 

1750 

24' to 36' diameter, softwood 

Hardwood 

S-10M 100 

50 

.120 

.240 

EJ. 2.71 

5.40 

9.95 

19.90 

12.66 

2530 
15.15 

30.50 

HE 

I 1800 

1850 
36' to 48' diameter, softwood 

Hardwood " 
70 

35 

.171 

.343 T 

3.87 

7.75 

14.20 

28.50 

18.07 

36.25 
2130 

43.50 

021 140 | Stripping 
U 0010 

0020 

STRIPPING Topsoil, and stockpiling, sandy loam 

200 H.P. dozer, ideal conditions MOB 2400 .005 C.Y. .12 36 .48 37 
144 

-* 0100 

0200 
Adverse conditions 

300 HP dozer, ideal conditions 

• 

MOM 

1.150 

3.000 

.010 

.004 

2i 
.09 

.71 

33 

.95 

.42 

1.14 

31 

ftp 

0300 

0400 

Adverse conditions 

400 HP dozer, ideal conditions 

• 

8-10X 

1.650 

3,900 

.007 

.003 

.16 

.07 

.60 

32 
•76 
39 

.91 

.46 
übOO 

0600 

Adverse conditions 

Clay, dry and soft, 200 HP dozer, ideal conditions 

• 

MOB 

2,000 

1,600 

.006 

.008 

.14 

.17 

.63 

.51 

.77 

.68 
30 

32 
0601 

0700 

Strip topsoil, clay, dry & soft, 200 HP dozer, ideal conditions 

Adverse conditions " 
1.600 

800 

.008 

.015 

.17 

.34 

.51 

1.02 

.68 

136 
32 

1.65 
1000 

1100 

Medium hard, 300 HP dozer, ideal conditions 

Adverse conditions 

MOM 2.000 

1,100 

.006 

.011 

.14 

.25 

.50 

.91 

.64 

1.16 
.76 

138 
1200 

1300 

Very hard, 400 HP dozer, ideal conditions 

Adverse conditions 
B-10X 

* 
2.600 

1.340 

.005 

.009 T 

.10 

.20 

.48 

.94 

.58 

1.14 
39 

134 

021 150 | Selective Clearing 
154 ooio 

1000 

SELECTIVE CLEARING 

Stump removal on site by hydraulic backhoe, M/2 C.Y. 
154 

1050 

1100 

8' to 12' diameter 

14'to 24'diameter 
6- 30 33 

25 

.727 

.960 

I I 15.45 

20.50 

45 

59 

60.45 

79.50 

73.50 

9630 

\ 

1150 

1151 
26'to 36'diameter 

Stump removal, 19" to 24' diameter 
i ' 

16 

16 

1.500 

1300 ' r 

32 

32 

92.50 

92.50 

12430 

124.50 

151 

151 
2000 

2050 
Remove selective trees, on site using chain saws and chipper, 

not incl. stumps, up to 6' diameter B-7 18 2.667 Ea. 54 59.50 113.50 151 
2100 

2150 

8'to 12* diameter 

14'tö 24'diameter 
12 

10 

4 

4.800 

81 

97 

89.50 

107 

17030 

204 

225 

271 
2200 

2300 

26'to 36'diameter 

Machine load, 2 mile haul to dump. 12* diam. tree, add 
' r 8 6 

' ' 
121 134 255 

40 

340 

60 

021 200 | Structure Moving 
204 OOIO 

0020 
MOVING BUILDINGS One day move, up to 24' wide 

Reset on new foundation, patch & hook-up, average move Total 8,500 

204 

0040 

0060 
Wood or steel frame Wdg., based on ground floor area 

Masonry bkJg., based on ground floor area 
IM 
• 

185 

137 

.259 

.350 

S. F. 5.05 

6.80 

235 

3.17 

7.40 

9.97 

1035 

14.25 
0200 

0220 

For 24' to 42' wide, add 

For each additional day on road, add B-4 1 48 0 935 435 1370 

15% 

1.950 
0240 

0300 

Construct new basement, move building, 1 day 

move, patch & hook-up, based on ground floor area B-3 155 310 S.F. 5.30 6.35 10.20 2135 27 

021 400 | Dewatering 
404 OOIO 

0100 

DEWATERING Excavate drainage trench, 2' wide, 2' deep 

2' wide, 3' deep, with backhoe loader 
MIC 

* 
90 

135 

.178 

.119 

C i. 3.85 

2J7 

2.22 

1.48 

6.07 

4.05 

8.45 

535 

404 

0200 

0300 

Excavate sump pits by hand, fight soil 

Heavy soil 
lQab 7.10 

3.50 

1.127 

2.286 < r 
21.50 

43.50 

2130 

4330 

34 

69 
0500 

0550 

Pumping 8 hr., attended 2 his. per day, including 20 LF. 

of suction hose & 100 LF. discharge hose 

0600 

0620 

2' diaphragm pump used for 8 hours 

Add per additional pump 

M0H 4 3 a iy 67iO 7i0 

30 

7530 

26 

114 

33 

1 0650 

0670 

4' diaphragm pump used for 8 hours 

Add per additional pump 
M0I 4 3 67.50 19.90 

63 

87.40 

68 

127 

69 

30 See the Reference Section for reference number Wbrmafioa OewlJstings and CtyCcet Indexes 



• 1022 | Earthwork *^°*-:v5 -A: ^;.,«^, -^;-^^~ :-*':f.*J2£- ~-:■--,.. 

*...,_< .A...   1 
022 200   1 FTCAV /Ra/<4rflll/r_stm~'*p4 CUT   HW- 

CUW OUTWT HOURS tmrr 
19W IMF. COSTS TOTAL 

naeip MAT. LABOR vm. TOTAL 
in 4600 

4600 
City Mode within ant of influence, minimum 

Maximum • 
25200 

15,100 

301 

302 

Si. 
• 

sa 
.04 

33 
34 

£4 

.07 

234 

51XX 
5020 

Eaavate and load boukjea less than 0.5 C.Y. 
0.5CY.tolC.Y. 

B-10T 
B-10U 

80 

100 
.150 
.120 

ex 3.39 
2.71 

5.45 
9.15 

834 

1136 
1125 
1425 

521X1 
5400 

Excavate and load Wasted reck, 3 tY. rawer show! 
Haul boulders, 25 Ton off-highwiy dump, 1 mile round trip 

B-12T 
B-34E 

1330 
330 

J010 
.024 

24 
.48 

.70 
lil 

34 
229 

1.14 
2.73 

6420 

5440 
2 mile round trip 
3 mile round trip 

275 
225 

.029 

.036 
37 
.70 

2.17 
2.65 

2.74 
335 

327 
4 

5460 
5600 

4 mile round trip 

Bury boulders on site, less than 0.5 C.Y., 300 H.P. dear 
T 200 .040 " .79 2.98 3.77 4.49 

5620 
5640 

150' haul 
300'haul 

6-10M 310 
210 

.039 
£57 

ex 37 
129 

321 
4.74 

438 
633 

438 
720 

68UU 
5820 

0.5 to 1CX, 300 H.P. dozer, 150' haul 
300'haul " 

300 
200 

.040 

.060 " 
30 

135 
332 
4.98 

422 
633 

5.05 
7.60 

J 3» 

■f 

0010 
0020 

EXCAVATING, BULK BANK MEASURE Common earth piled 
For loading onto trucks, add 

ma 
•no 15» 15% 

231 

-* 

OObO 
0100 

For mobilization and demobilization, see division 022-274 
For hauling, see division 022-266 

RB22 
•SO 

U2UU 
0250 

Bacwwe, hydraulic crawler mtd., 1 C.Y. op. - 75 CX/hr. 

l-l/2CXop.-100 CX/hr. 
B-12A 
B-12B 

600 
800 

£27 
.020 

c T. .62 
.46 

M 
.85 

130 
131 

131 
135 

U2W 
0300 

2a.cap.-130C.YAr. 
3aY.eap.-160C.YJhr. 

8-12C 
8-120 

1.040 
1,620 

.015 

.010 
36 
23 

.90 
129 

126 
132 

133 
1.77 

W1U 
0360 

wneel mounted, 1/2 CX cap. - 30 C.YJhr. 
3/4 CX op.-45 CX/hr. 

8-12E 
B-12F 

240 
360 

.067 

.044 
1.54 
1.03 

133 
120 

237 
223 

332 
239 * 

0500 
0550 

Clamshell, 1/2 CX cap. - 20 CX/hr.          fr=^= 

1CX op.-35 CX/hr.              Jil  
B-12G 
B-12H 

160 
280 

.100 
£57 

231 
132 

232 
1.91 

5.13 
323 

6.65 
4.12 

iiabo 
1000 

Dragline, l/z C.Y. cap. - 30 CX/hr.            ^^ "i-a— 
Oragnne, 3/4 CX cap. - 35 CX/hr. 

B- 21 240 
280 

£67 
£57 

134 
132 

135 
1J57 

3.49 
239 

4.50 
336 

11X11 
1050 

3/4 CX op.-35 CX/hr. 
1-1/2 CXop.- 65 CX/hr. 8-1 

r 
2P 

280 
520 

.057 

.031 
132 
Jl 

1.67 
1.46 

239 
2.17 

336 
239 

1100 
1200 

3 CXop.-112 CX/hr. 
Front end loader, track mtd., 1-1/2 CX cap, - 70 CX/hr. 

B-12V 
B-10N 

900 
560 

£18 
.021 

.41 

.48 
£8 
.62 

139 
1.10 

1.71 
1.44 

1250 
1300 

2-1/2CXop.-95CX/hr. 
3CY.op.-130C.YJhr. 

B-100 
HOP 

760 
1,040 

.016 

.012 
36 
26 

32 
.75 

38 
131 

123 
123 

bbO 
1500 

5CXop.-160 CX/hr. 
Wheel mounted, 3/4 CX op. - 45 CX/hr. 

B-10Q 
B-10R 

1,620 
360 

.007 

.033 
.17 
J5 

37 
32 

34 

137 
1 
134 

1550 
1600 

l-MZCXap.-80 CX/hr. 
2-l/4CXap.-100 CX/hr. 

B-10S 
B-10T 

640 
800 

J019 
.015 

.42 
34 

30 
34 

32 
38 

120 
1.12 

16U1 
1650 

3 CXop.- 100 CX/hr. 
5CXop.-185CX/hr. 

• 

B-10U 
1,100 
1,480 

Ü11 
£08 

21 
.18 

.40 
32 

35 
30 

32 
36 

1800 
1150 

Hydraulic excavator, truck mtd, 1/2 CX - 30 CX/hr. 

48 Inch bucket, 1CX-45 CX/hr. 
B-12J 
B-12K 

240 
360 

.067 

.044 
li4 
1£3 

232 
231 

436 
334 

5.15 
4.11 

3/00 
3750 

Shovel, 1/2 CX capacity - 55 CX/hr. 

3/4 CX opacity-85 CX/hr. 
B-12L 
B-12M 

440 
680 

J036 
.024 

.84 
34 

1£4 
.78 

138 
132 

2.44 
1.69 

im 
ms 

ICY. opacity- 120 CX/hr. 
1-1/2 C.Y. opacity- 160 CX/hr. 

B-12N 
B-120 

960 
1,280 

£17 
.013 

38 
2S 

33 
37 

131 
• 36 

128 
1.18 

ms 
4000 

3 CXop.-250 CX/hr. 
For soft soil or sand, deduct 

B-12T 2.000 m .18 34 .72 
15% 

37 
15% 

4100 
4200 

For heavy soil or stiff day, add 
For wet excavation with clamshell or dragline, add 

60% 
10» 

60% 
100% 

4250 
4400 

All other equipment, add 
Clamshell in sheeting or cofferdam, minimum B-12H 160 .100 231 333 

50% 
5.64 

50% 
720 

4450 
8000 

Maximum 

For hauling excavated material, see cfrv. 022-266 
60 .267 ' r 6.15 8.90 15.05 1925 

242 0010 
2000 

EXCAVATING, BULK, DOZER Open site 
-   75 H.P., 50' haul, sand £ gravel B-10L 460 £26 C.Y. 39 39 1.18 1.56 

242 

13 18 37 

m 
s 

(ft 



022 I Earthwork 
Excav./BackfiII/Compa(it 

Scread fill, from siocKoiie with 2-1/2 C.Y. F.£ loader 

130 H.P. 300'haul 

With dozer 300 H.P. 300' haul 

tv cempaction of embankment, «a oiv. 022-226 

Gravel fill, compaciea. unaer door slats. 4* deeo 
6'dceo 
9-deep 

12'deep 

Alternate pricing method. 4* deep 

6'deep 

| OJUIT | MAN- 
CREW louimj HOURS 

B-10P j £00 .020 

3-10MI 600 .020 

B-37 

• 

9'deep 

12" deep 

under exterior paving, see division 022-308 

00111 HAULING Excavated or borrow material, highway haulers 

""'21     bank measure, no leading included 
0020 

0030 

00401 
0100 i 

6 C.Y. dump truck, 1/4 mile round trip, 5.0 toads/hr. 

1/2 mile round trip. 4.1 loadsmr. 

R022 
•240 

0150 
0200 
0310 

0320 

0330 
0400 
0450 

10500 
-p 0540 

0550 
0560 
0600 

1 mile rouno trip. 3.3 loads/hr. 

2 mile round trip. 2.6 loads/hr. 

3 mile rouno trip, 2.1 loads/hr. 

4 mile rouno trip, 1.8 loads/hr. 

10,000 

8.600 

7,200 
6,000 
120 
160 
200 

220 

.005 

.006 

.007 

.008 

1994 WE COSTS 

UNIT |      VAT.      i    UE0R    |    EQUIP.   |     Tom. 

a. .451 :.3i 

Si. 

.400 

J00 

.240 

.218 

B-34AI 240 

!iS7 

12 CY. dump truck, 1/4 mile round tnp 3.7 toads/hr. 

1/2 mile round trip, 3.2 loads/hr. 

1 mile round trip 2.7 toads/hr. 

2 mile round trip. 22 loads/hr, 

3 mile round trip, 1.9 toads/hr. 

4 mile round trip, 1.6 toads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

0700 

1000 

1100 
1110 
1120 
1130 
1150 
1200 

20 mile round trip, 0.5 load/hr. 

16.5 C.Y. dump trailer, 1 mile round trip. 2.6 toads/hr. 

2 mile round trip, 2.1 loads/hr. 

3 mile round trip, 1.8 toads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, .75 load/hr. 

20 mile round trip, .5 toad/hr. 

.033 

.041 
:so 
125 

.0:0 

.064 

8-348 

B-34C 

;co 
35 .094 

CY. 

i.SO 

a. 

355 
308 
260 
210 
180 
150 
98 
49 
32 

340 

1220 
1240 
1245 
1250 
1255 
1300 
1400 
1600 
1800 

2000 

20 CY. dump trailer, 1 mile round trip, 2.5 toadsmr. 

2 mile round trip. 2 toads/hr. 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

5 mile round trip, 1.1 toad/hr. 

10 mile round trip, .85 load/hr. 

20 mile round trip, .6 toad/hr. 

Hauling in medium traffic, add 

2010 
2020 

Heavy traffic, add 

Grading at dump, or embankment if required, by dozer 

Spotter at fill or cut, if required " 
Off highway haulers 

2030 

2040 

2050 
2060 

22 CY. rear or bottom dump, 1000' round trip, 4.5 toads/hr. 

1/2 mile round trip. 4.2 loads/hr. 

1 mile round trip, 3.9 toads/hr. 

2 mile round trip, 3 J loads/hr. 

34 CY. rear or bottom dump, 10OO* round trip, 4 toads/hr. 

1/2 mile round trip. 3.8 toads/hr. 

8-340 

8-108 

ICtab 

B-34F 

B-34G 

275 

235 

210 
132 
100 
66 

.022 

.026 

.031 

.038 

.044 

.053 

.082 

.163 

.250 
Ü24 
.029 

.034 

.038 

.061 

400 

320 

270 

240 

.080 

.121 

.020 

.025 

172 
136 
96 

1,000 

800 

740 

685 
580 

1.090 

I  11-035 

.030 

.033 

.047 

.059 

.083 

.012 
1 

.010 

.011 

.012 

.014 

Hr. 

CY. 

.007 

42 

.10 

.15 
.10 
.11 

.01 
.02 

.13 

.35 

7.50 

7.50 

7i0 

7.50 

.13 

.16 

8.05 
6 

4.82 

4.38 

1.13 
■85 
.68 
.62 

•50| 

301 
.J3 

1.65 
2.03 
2.60 

:.5i 
1.35 

3.25 
3.82 

.44 

.51 

.61 
.75 

1.12 
'..29 
1.53 
1.90 

.88 

1.05 

1.61 
3.22 
4.93 
.46 
.57 
.67 
.75 

1.19 

2.21 
2.66 
4.07 

8.15 

12.45 
1.45 
1.79 
2.10 
2.35 
3.74 

li8 
2.39 

4.94 
7.50 

J9 

.49 

.66 
32 

1.16 
1.64 

21 
19 

20 
2\ 

21 
21 
.14 
.15 

1.24 

1.55 

1.83 

2.06 

2.88 
3.64 
5.15 

J2 

1.17 
1.26 
U6 
1.61 
1.14 
1.20 

2.11 

2\ 
21 
.40 
.53 

16.68 
14.35 
13 
12J0 

2.01 
2.45 
3.02 

5.86 

4.83 
5.67 
Ü6 
liO 
2.14 
2.65 
3.09 
3.71 
5.68 

11.37 
17.38 

1.91 
2.36 
2.77 
3.10 
4.93 
6.52 
9.89 
1.63 
2.04 
2.41 
2.72 
3.80 

4.80 

6.79 
20% 
30% 

1.09 
19 

1.37 

1.47 

Ü9 

1J8 

1.28 
US 

Mil 
ixcioir 

2.14 

2.53 

Jl 

.66 

22 
1870 
16.60 
15.85 

2.50 

3.04 

3.75 
4.80 
6 
7.05 
1.91 
2.21 
2.62 

3.25 

3.79 
4.54 
6.95 

13.90 
21.50 
2J1 

7.90 
11.95 

1.97 
2.46 
2.92 

3.28 

4.57 

5J0 

8.20 

2» 
30% 

132 

30 

See Ihe Reference Section for reference number ttxroticn Crew listings and CtyC^ 
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£021 | Site Preparation and Excavation Support ■?$££&&'■■-'         ¥ 
*, 

J»1 100 | Site Clearing 
CM* 

OUT   HA* 
OUTPUT HOURS UNTT 

19941AM COSTS TOTAL 
tNaev MAT.      I    UtOt    |    COUP. TOTAL 

«I10 
0150 

CLEAR ANO GRUB Ught, trees B 6'diam., cut & chip 
Grub ttumcs and rtnxM 

6-7 
B-30 

1 
2 

48 
12 

Acre 970 
255 

1.075 
740 

2.045 
995 

2.700^ 
1200 

TB_ 

0160 
0200 

Clari grub brush 4stumps 

Medium, trees to 12* cbtiL. cut 4 chip B-7 
38 
.70 

41379 
68J71 

880 
1375 

2350 
1,525 

3,430 
2.900 

4.150 
3350 I 

02» 
0260 

Grub stumps and FIRM 

Clear 4 pub dense brush i stumps 
8-30 

1 

1 
.47 

24 
51.064 

510 
1,075 

1.475 
3,150 

1385 
4325 

2.400 
5.125 

1 

0300 
0350 

Heavy, trees to 24* diarrt, cut & chip 
Grub stumps and remove 

B-7 
B-30 

20 

.50 

160 
48 

3225 
1.025 

3.575 
2.950 

6300 
3375 

9325 
4,825 

0400 
3000 

If bum«* sallowad, reduce cut 4 chip 
Chippini stumps, to 18* deep, 12* 4am. B46 20 .400 EL 9.75 735 17.70 

40% 

2330 
3040 

3080 
18* (flame* 
24* diameter 

16 

14 

£00 

£71 

1120 

133) 

935 

1135 
22.15 
2535 

2930 
34 

3100 
3120 

30*clameter 
36* diameter 

12 
10 

£67 
300 

1635 
19£0 

1335 

1530 
2930 
35.40 

3930 
4730 

3160 

5000 
48*diimeter 

Tree thinning, feller buncher, conifer 
T 8 1 T 24£0 1935 4435 5930 

5080 

5120 
Up to 8* diameter 
12* diameter 

8- 93 240 
160 

.033 

.050 
fx £1 

132 

1.42 

2.13 
233 
335 

230 

431 
5240 
5280 

Hardwood, up to 4' diameter 
8'diameter 

240 
180 

.033 

.044 
£1 

1.08 
1.42 
139 

233 
2.97 

230 
3.74 

5320 
7000 

12* diameter 
Tree removal, congested area, aerial Bft truck 

1 ' 120 .067 i 1.62 234 4.46 5£0 

/040 
7080 

8* diameter 
12*diameter 

B- 15 7 
6 

5314 
6£67 

I L 115 
135 

no 
128 

225 
263 

300 
350 

7120 
7160 

18" dimeter 
24'diameter 

5 
4 

8 
10 

162 
202 

154 
193 

316 
395 

425 
525 

/240 
7280 

36'diameter 
48* diameter i ' 

3 
2 

13333 
20 ' ' 

269 
405 

257 
385 

526 
790 

705 
1.050 

108 0010 
0100 

CLEARING Brush with brush saw 
By hand 

A-l 
f ' 

.25 

.12 
32 

66.667 
Ac is 610 

1,275 

234 
485 

8U 
1,760 

1325 
2325 

lot 

0300 
0400 

With do», ball and chain, light clearing 
Medrum clearing 

B-11A 
9 

2 
IJ0 

8 
10.667 

173 
231 

410 
545 

583 
776 

720 
960 

0500 
0550 

With dozer and brush raka, light 
Medium brush to 4'diameter 

B-: IB 1 
.60 

16 
26£67 

345 
580 

1,025 
1.725 

1370 
2305 

1375 
2.775 

0600 
1000 

Heavy brush to 4'diameter 
Brush mowing, tractor w/rotery mower, no removal 

i ' .40 40 ' • 865 2375 3,440 4,175 

1020 
1040 

light density 
Mcdhjffl density 

844 

1 
2 

1J0 
4 

5333 
At n 97£0 

130 
104 
139 

20L50 
269 

264 
350 

1080 Heavy density 1 1 8 ' r 195 209 404 530 

116 0010 
0020 

FELLING TREES 4 PILING With tractor, targe trad, turn 
level terrain, no boulders, less than 12*dlam. trees 

116 

0300 
0340 

300 HP dear, up to 400 trees/acre, 0 to 25% hardwoods 
25% to SW hardwoods 

B-l OU 35 
£0 

16 
20 

Al n 360 
450 

1325 
1,650 

1,685 
2.100 

2300 
2325 

0370 
0400 

75% to 100% hardwoods 
500 treeVacre, 0% to 25% hardwoods 

.45 
£0 

26£67 
20 

600 
450 

2325 
1,650 

2325 
2,100 

3350 
2325 

0440 
0470 

25% to 50% hardwoods 
75% to 100% hardwoods 

.48 
36 

25 
33333 

565 
750 

2,075 
2.775 

2340 
3325 

3,150 
4325 

0500 
0540 

More than 600 trees/acre, 0 to 25% hardwoods 
25% to 50% hardwoods 

£2 
.42 

21077 
28£71 

520 
645 

1,925 
2375 

2,445 
3320 

2300 
3.600 

0570 
0900 

75% to 100% hardwoods 
Large trad clearing per tree 

1 ' 31 38.710 i. ' 875 3300 4.075 4375 

1500 
1550 

300 HP dozer, to 12* diameter, softwood 
Hardwood 

B-l OU 320 
100 

338 
.120 

E a. £5 
231 

111 
935 

336 
1166 

433 
15.15 

1600 
1650 

12* to 24' diameter, softwood 
Hardwood 1 

200 
80 

360 
.150 i r 

135 
339 

438 
12.45 

633 
1534 

7£0 
1195 

\l-.fz 29 



0450 
0500 
0540 
0550 

0700 
1000 
1100 
1110 
1120 
1130 
1150 
1200 

2 mik round trip, 2.1 kad^hf, 

3 nfo round trip, 1.8 loada/hr. 
4 mile round trip, 1.6 kads/hr. 
5 mBe round trip, lloid/hf. 
10 mile round trip, .75 kad/hr 
20 Hfl» round trip, Jkad/hf. 

1220 
1240 

20 U.AirnpniileU milt round trip, 2JloadVhr, 
2mBiwundtilp.2loids/rif. 

1245 
1250 

3 Ruh round trip, 1.7 kad&mr. 
4 mUt round trip, Uloidi/hf. 

1255 
1300 

5 milt round trip, U IOKH» 

10 milt round trip, J5btd/hf. 

1400 
1600 

20 mile round trip, ibti/nt, 
Hauling in medium traffic, add 

1800 
2000 

Heavy traffic add 
Grading at dump, or embankment If required, by dozer 

2010 
2020 

Spotter at fill or cut, if required 
Off highway raulen 

2030 
2040 

22 CY. nur or bottom dump, 1000' round trip, 4.5 badsmr, 
1/2 mHe round trip, 4.2 loada/hr. 

2050 
2060 

lmüe round trip, 3.9 kads/hr. 
2 mHe round trip, 3.3 kada/hr. 

34 C.Y. rear or bottom dump, 1000' round trip, 4 kads/hr. 
1/2 mile round trip, 3 Jkaoi/hf, 

42 
SM the Rareren» Swoon for reference number M»miirnCriwUta«riCtyCce2hdm 
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^022 1 Earthwork ^ ̂ i:^"\:'i:^^}' X'r--''^'?:"^',.'^~^^K^^^ ^V^^^Jf^^^^iV  ,-^..;-*^r-   -7;&     1 

022 200 i ExcaWBackfin/Compact OUT 
CREW OUTPUT 

UN- 
HOOK IM 

1994 WE COSTS TOTAL     1 
MT. LABOR    |    EQUtf. TOTAL PKLOtf   | 

zu 4500 
4600 

City block witttin zont of influence, minimum 
Maximum • 

25200 
15,100 

.001 

.002 
SJ. 
■ 

.03 

.04 
.03 
24 

24 

27 

234 

5000 
5020 

Excavate and load boulders, less than 0.5 CY. 
0.5CY.to ICY. 

B-10T 

B-10U 
80 
100 

.150 

.120 
a 329 

2.71 
5.45 
9.15 

824 

1126 
1125 
1425 1 

5200 
5400 

Excavate and tad blasted rock, 3 CY. power shovel 
Haul boulders, 25 Ton off-highway dump, 1 mile round trip 

B-12T 
B-34E 

1,530 

330 
.010 
.024 

.24 

.48 
.70 

121 
24 

229 

1.14 

2.73 

1 

5420 
5440 

2 mile round trip 
3 mile round trip 

275 
225 

.029 

.036 
37 
.70 

2.17 
2.65 

2.74 
335 

327 
4 

5460 
5600 

4 mile round trip 
Bury boulders on site, less than 0.5 CY., 300 H.P. doer 

T 200 .040 + .79 228 3.77 4.49 

5620 
5640 

150* haul 
300'haul 

B-10M 310 
210 

.039 

.057 
a 37 

129 
321 
4.74 

428 
623 

428 
720 

5800 
5820 

Oi to 1 CY., 300 H.P. dozer, 150' haul 
300'haul " 

300 
200 

m 
.060 T 

30 
U5 

332 
4.98 

422 
633 

525 
7.60 

238 
•• 

0010 
0020 

EXCAVATING, BULK BANK MEASURE Common earth piled 
For loading onto bucks, add 

noaal 
«o| 15% 15% 

231 

0050 
0100 

For mobilization and demobiliatJon, see division 022-274 
For hauling, see division 022-266 

real 
•aso 1 

•* 
0200 
0250 

Backhoe, hydraulic crawler mtd., 1 CY. cap. - 75 CX/hr. 
1-1/2 CY. cap. -lOOCXmr. 

B-12A 
B-12B 

600 
800 

.027 

.020 
c. i. .62 

.46 
28 
.85 

120 
131 

121 
125 

0260 
0303 

2 C.Y. cap. - 130 CYihr. 
3CY.eap.-160C.YJhr. 

B-12C 
B-120 

1,040 
1,620 

.015 
210 

.36 
23 

.90 
129 

126 
122 

123 
1.77 

0310 
0360 

Wheel mounted, 1/2 CY. cap. - 30 CY./I 
3/4CY.eap.-45CY./hr. 

ir. B-12E 
B-12F 

240 
360 

.067 
244 

1.54 
1.03 

133 
120 

227 
223 

322 
229 j 

0500 
0550 

Clamshell, 1/2 C.Y. cap. - 20 CX/hr. 

ltY.ap.-35C.YAr. 
B-12G 
B-12H 

160 
280 

.100 

.057 
231 
132 

222 
1.91 

5.13 
323 

625 
4.12 

WbO 
1000 

Dragline, 1/2 CY. cap. -iOCYVhr.            " 
Dragline, 3/4 CY. cap. - 35 CYJhr. 

B-121 

I 
240 
280 

.067 

.057 
li4 
132 

125 
127 

3.49 
229 

420 
326 

1001 
1050 

3/4CY.cap.-35CY./hr. 
1-1/2CY.cap.-65CYAr. 

T 
B-12P 

280 
520 

.057 132 
.71 

1.67 
1.46 

229 
2.17 

326 
229 

1100 
1200 

3CY.eap.-112CY./hr. 
Front end loader, track mtd., 1-1/2 CY. cap. - 70 CY/ir. 

B-12Y 
B-10N 

900 
560 

.018 

.021 
.41 
.48 

28 
.62 

139 
1.10 

L71 
1.44 

1250 
1300 

2-1/2 CY. cap.-95 CYAr. 
3CY.eap.-130CY.mr. 

6-100 
B-10P 

760 
1,040 

.016 

.012 
26 
26 

22 
.75 

28 
121 

123 
123 

1350 
1500 

5CY.eap.-160CY.mr. 
Wheel mounted, 3/4 CY. cap. - 45 CYThr. 

B-10Q 
B-10R 

1,620 
360 

207 
.033 

.17 

.75 
.67 
22 

24 
137 

1 
124 

1550 
1600 

1-1/2 CY. cap.-80 CYAr. 
2-1/4 CY. cap.« 100 CYJhr. 

B-10S 
B-10T 

640 
800 

.019 

.015 
.42 
24 

20 
24 

22 
28 

120 
1.12 

1601 
1650 

3CY.eap.-100CY./hr. 
5CY.cap.-185CYJhr. 

f 

B-10U 
1,100 
1,480 

.011 
208 

25 
.18 

.40 
22 

25 
20 

22 
26 

1800 
1850 

Hydraulic excavator, truck mtd, 1/2 CY. - 30 CYJhr. 
48 Inch bucket, ICY.-45 CYJhr. 

B-12J 
B-12K 

240 
360 

.067 
244 

154 
1.03 

222 
231 

'     426 
334 

5.15 
4.11 

3700 
3750 

Shovel, 1/2 CY. capacity - 55 CYJhr. 
3/4 CY. capacity-85 CYJhr. 

B-12L 
B-12M 

440 
680 

J036 
J024 

24 
.54 

1.04 
.78 

128 
132 

2.44 
1.69 

3800 
3850 

ICY. capacity-120 CYAr. 
1-1/2 CY. capacity- 160 CYJhr. 

B-12N 
B-120 

960 
1,280 

.017 
J013 

28 
29 

23 
.67 

121 
26 

128 
1.18 

3900 
4000 

3CY.cap.-250CY.mr. 
For soft sou or sand, deduct 

B-12T 2,000 .008 .18 24 .72 
15% 

27 
15% 

4100 
4200 

For heavy soil or stiff day, add 
For wet excavation with clamshell or dragline, add 

60% 
100% 

60% 
100% 

4250 
4400 

All other equipment, add 
Clamshell in sheeting or cofferdam, minimum 6-12H 160 .100 231 333 

50% 
524 

50% 
720 

4450 
8000 

Maximum 
For hauling excavated material, see div. 022-266 

* 60 267 • 6.15 8.90 15.05 1925 

242 0010 
2000 

EXCAVATING, BULK, DOZER Open site 
75 H.P., 50' haul, sand & gravel B-10L 460 .026 a 39 .59 1.18 1.56 

242 

3 

(ft 

s-y<? 37 



2022 J Earthwork 

022 200 | Excav./Backfill/Compact 
-      252 

%3M 
</> 

8 
30 

0150 j     S:rad (ill. hom siocxoue with 2-1/2 C.Y. F.E. loaoer 

01701 130 H.P. 300' haul 
0190 
0400 

266 

0500 
0600 

With dozer 300 H.P. 300' haul 

*:.' compaction of embankment, see orv. 022-226 

Gravel fill. compacted, under floor slabs. 4' deep 

5"deeo 
0700 9'deep 

!2'deeo 
1000 
1100 

Alternate pricing metnod. 4' deep 

6'deep 
1200 

1300 
9'deep 

12" deep 
1500 For fill under «tenor paving, see division 022-308 

| DAILY I MAN- 
CREW lOUWi HOURS 

3-10P | 6CO I .020 
B-lOMj 600 | .020 

ISM BARE COST! 
UNIT VAT. LABOR    I    EQUIP. TOTAL 

C.Y. ■151 

B-37 

0011 

0012 
0020 

0030 

HAULING Excavated or Borrow matenal. hignway haulers 

bank measure, no leading included 

0310 
0320 
0330 

0400 

0450 

0500 

0540 

0550 

0560 
0600 
0700 
1000 
1100 
1110 
1120 
1130 
1150 

1200 

1220 
1240 
1245 
1250 
1255 
1300 
1400 
1600 
1800 
2000 
2010 
2020 
2030 

2040 

2050 
2060 

42 

6 C.Y. dump truck. 1/4 mile round trip, 5.0 loaos/hr. 

 j/2 mile round trip, 4.1 loads/hr. 

B022 
•240 

"M" ] 1 mile rouno trio. 3.3 loadvhr. 

01001 2 mile rouno trip, 2.6 loads/hr. 

01501 3 miie rouno trip, 2.1 loadvhr. 

02001 4 mile rouno tnp, 1.8 loadvhr. 

12 C.Y. dump truck, 1/4 mile round tnp 3.7 loaos/hr. 

1/2 mile round trip, 3.2 loadvhr. 

10.000 
8.600 

.005 

.006 

7,200 

6.000 

120 
160 

.007 

.008 

.400 

.300 

200 

220 

.240 

.218 

I 

S.F. 

C.Y. 

.10 | 

.111 

.35 
.13 

.16 
.02 

.02 

7.50 

7.50 

3.05 L13 
.85 

7.50 

7.50 

4.82 

4.38 

3-34A I 240 

S97 

.033 

.341 
ISO I 

!25 i 

.:=o 

.C54 

1 mile round trip 2.7 loads/hr. 

2 mile round trip, 2.2 loads/hr. 

3 mile rouno trip, 1.9 loads/hr. 

4 mile round trip. 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

20 mile round trip, 0.5 load/hr. 

16.5 C.Y. dump trailer, 1 mile round trip. 2.6 loads/hr. 

2 mile round trip, 2.1 loadvhr. 

3 mile round trip, 1.8 loadvhr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, .75 load/hr. 

20 mile round trip, .5 load/hr. 

I-34B 

100 
35 

.030 

.094 

B-34C 

20 C.Y. dump trailer, 1 mile round trip, 2.5 loads/hr. 

2 mile round trip, 2 loads/hr. 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

5 mile round trip, 1.1 load/hr. 

10 mile round trip, .85 load/hr. 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

Heavy traffic, add 

Grading at dump, or embankment rf required, by doier 

Spotter at fill or cut, if required 

Off highway haulers 

22 C.Y. rear or bottom dump, 1000' round trip, 4.5 loads/hr. 

1/2 mile round trip, 4.2 loads/hr. 

1 mile round trip, 3.9 loads/hr. 

2 mile round trip, 3.3 loads/hr. 

34 C.Y. rear or bottom dump, 1000' round trip, 4 loads/hr. 

1/2 mile round trip, 3.8 loads/hr. 

355 
308 
260 
210 
180 
150 
98 
49 
32 

340 

275 

235 

.022 

.026 

C.Y. 

I 
.to I 
sol 
-531 

1.251 
:.03 

2.50 

.031 

.038 

.044 

.053 

.082 

.163 

.250 

.024 

210 
132 
100 
66 

B-34D 

lCtab 

B-34F 

B-34G 

400 

320 

270 

240 

172 
136 
96 

1,000 

8 

800 

740 

.029 

.034 

.038 

.061 

.080 

.121 

:.53 

1.35 3.82 

l.!2 
1.29 
1.53 
1.90 

1.05 

.020 

.025 

.030 

.033 

.047 

.059 

.083 

.012 
1 

685 

580 

.010 

.011 

.012 

.014 
1,090 
1.035 

.007 

.008 

1.61 
3.22 
4.93 

.46 

.57 

.67 

.75 
1.19 

2.21 
2.66 
4.07 
8.15 

12.45 
1.45 
1.79 
2.10 
2.35 
3.74 

1.58 
2J9 
J9 

.49 

Hr. 

C.Y. 

.58 

.66 
.92 

1.16 
1.64 

27 
19 

20 
21 

4.94 
7.50 
124 

1.55 
1.83 
2.06 
2.88 
3.64 
5.15 

.82 

23 
27 
.14 
.15 

1.17 
125 
1.36 
1.61 
1.14 
1.20 

2.11 

16.68 
14.35 
13 
12.50 

2.01 

2.45 
3.02 
3.36 

4.83 
5.67 
1.56 
1.80 
2.14 
2.65 
3.09 
3.71 

5.68 

11.37 

17.38 
1.91 
2.36 
2.77 
3.10 
4.93 
6.52 
9.89 
1.63 
2.04 
2.41 
2.72 
3.80 

4.80 

6.79 

20% 

30% 
1.09 

19 

U7 
1.47 
Ü9 
1J8 
128 
Ü5 

TOTAL 
INCLOtf 

2.14 

2.53 

.51 

.66 
22 

18.70 

16.60 
15.B5 

26 

2.50 

3.04 

3.75 

o 
7.05 

1.91 
221 

26£ 

2.62 
325 
3.79 

4.54 

6.95 
13.90 
21.50 
2.31 
2.85 

3.34 

3.75 
5.95 
7.90 

11.95 
1.97 
2.46 
2.92 

3.28 

4.57 

5.80 

820 

2» 
2« 

1.32 
30 

1.58 
1.72 
1.85 
2.19 
1.48 
1.55 

See the Reference Section for reference runt» Wbmiafca Crew Ustinp^a^CiV Cost Index« 



SITE WORK A12.1 -724      Common Earth Backfill 

The Common Earth Backfilling System 
includes: a bulldozer to place and level 
backfill in specified lifts: compaction 
equipment; and a water wagon for 
adjusting moisture content 

The Expanded System Listing shows 
Common Earth Backfilling with 
bulldozers ranging from 75 H.P. to 
300 HP. The maximum distance ranges 
from SO' to 300'. Lifts for the compaction 
range from 4" to 8". There is no waste 
included in the assumptions. 

System Components 
SYSTEM 12.1-724-1000 
EARTH BACKFILL. 75 HP DOZER I ROLLER. 50' HAUL UIFTS. 2 PASSES 

Backfilling, dozer 75 H.P. 50' haul, common earth, from stockpile 
Water wagon, rent per day 
Compaction, toiler. 4' lifts. 2 passes 

Total 

QUANTITY 

1.000 
.004 
.035 

UNIT 

C.Y. 
Hr. 
Hf. 

COST PERCY. 
EQUIP. 

1.23 

LABOR 

.43 

.12 
1.84 

2.39 

TOTAL 

.74 

.39 
2.49 

3.62 

33 

12.1-724 Common Earth Backfill COST PERCY. 

EQUIP. LABOR TOTAL * 
1000 

1050 
Earth packtill,75 HP dozer & toller compactors,50' haul,4* litts.2 passes 

4 passes 
1.23 

1.88 

2.39 

4.23 

3.62 

6.11 
1100 

1150 
8' lifts, 2 passes 

4 passes 
.91 

1.23 

1.50 

2.39 

2.41 

3.62 
1200 

1250 
150'haul, 4'lifts. 2 passes 

4 passes 
1.53 

2.18 

2.82 

4.66 

4.35 

6.84 
1300 

1350 
8' lifts, 2 passes 

4 passes 
1.21 

1.53 

1.93 

2.82 

3.14 

4.35 
1400 

1450 
300' haul, 4' lifts, 2 pasws 

4 passes 
1.83 

2.48 

3.23 

5.05 

5.06 

7.53 
1500 

1550 
8' lifts. 2 passes 

4 passes 
1.51 

1.83 

2.34 

3.23 

3.85 

5.06 
1600 

1650 
105 HP dozer & toller compactors. 50' haul, 4' lifts, 2 passes 

4 passes 
1.28 

1.93 

2.30 
4.14 

3.58 

6.07 
woo 
1750 

8' lifts. 2 passes 

4 passes 
.96 

1.28 

1.41 

2.30 

2.37 

3.58 
1800 

1850 
150' haul, 4' lifts, 2 passes 

4 passes 
1.65 

2.30 

2.65 

4.49 

4.30 

6.79 
1900 

1950 
8' lifts, 2 passes 

4 passes 
1.33 

1.65 

1.76 

2.65 

3.09 

4.30 
2000 

2050 
300' haul, 4' lifts, 2 passes 

4 passes 
1.99 
2.64 

2.97 

4.81 

4.96 

7.45 
2100 

2150 
8' lifts, 2 passes 

4 passes 
1.67 

1.99 

2.08 
2.97 

3.75 

4.96 
2200 

2250 
200 HP dozer & roller compactors, 150' haul, 4' lifts, 2 passes 

4 passes 
1.70 

2.31 
1.55 
2.60 

3.25 

4.91 
2300 

2350 
8' lifts, 2 passes 

4 passes 
1.40 

1.70 
1.03 

1.55 

2.43 

3.25 
2600 

2650 
300' haul, 4' lifts, 2 passes 

4 passes 
2.11 

2.72 

1.74 

2.79 

3.85 

5.51 
2700 

2750 
8' lifts, 2 passes 

4 passes 

1.81 

2.11 

172 

1.74 
3.03 

3.85 

310 See the Reference Section for reference numoer information. Crew Listings and City Cost Indexes 



029 | Landscaping ^-:;:-4^':-:-:-^^-'--^^?^^-^^ " ^"'-•*•. i'«■££> r?-';- -^•"•"^'#-*'ii:~5-T1.' 

029 200 | Soil Preparation 
\ DAILY | MAN- 

CREW lOUTPUTI HOURS   UN 

i                          1594 WE COSTS TOTAL 

INCLOtf T 1       MAT.       i LABOR    1 IN».    | TOTAL l 

IcT 60C01 Tuisg toossu. 20 HP tractor, OISK narrow, i' deep 

5050!                   -On 

3-66 I50.0G0I .001     it 

|   Uo.ocoi .C01 
' 

.31 

.32 

204           :   jt^ 

51001                  6'deep 

5150 i          ^5* rotctiller. 2" 

+   j 30.0001 .001 
A-l  1 1.250 I .006 

.31 

.12 

.•:i 
C5 .17 

.32 

25 
1 
t 

1 

5200]                    "deto 

5250 j                   6'deeo " 

1.000 

750 

.008 

.011      i 

.15 

20 

.to 

X8 

21 

28 

22 

.43 

7CC01 Lawn maintenance see Division 029-700 
1 t 

< 208 o 
33 
* 

00101 PUNT BED PREPARATION 

3100      Backfill planting pit, by hand, on site topsoil 2 dab 
i 

18 .889     Cl . 16.90 16.90 28.50 

208 

0200 

0300 

Prepared planting mix 

skid steer loader, on site topsoil 

•    |   24 

6-62 i 340 

.667 

.071 

12.65 

1.44 .23 
12.65 

1.72 

21.50 

2.70 

0400 

1000 

Prepares planting mix 

Excavate oianting pit, by hand, sandy soil 20ab 

410 

16 

.059 

1 

120 

19 

23 1.43 

19 

224 

32 

1100 

12C0 

Heavy soil or clay 

\1 C.Y. bacWioe. sandy soil 

'   !   8 
B-llCj 150 

2 

.107 

28 

2.31 1.33 

38 

3.64 

64 

525 

1:301              Heavy soil or cay 

2C0G i     '.'in olanting sen. incl. loam, manure, neat, try hano 

•   j 115 

2&bl   60 

.139 

.257 24 
3.02 

5.05 

1.74 4.76 

29.05 

6.85 

35 

21C0I          SrJd steer loaaer 

30001     ;::e sco. skid steer loaaer 

B-62 1 150 1 .150     i 

•   j 2.800 j .009    S. 

24 

1. 

3.28 

.18 

.54 

.03 

27.92 

.21 

32.50 

33 

3100 

4000 

5y hana 

Remove sod, F.E. loader 

2Clab| 

B-10S 

400 

2.000 

.040 

.006 

.76 

.14 .16 
.76 

JO 

1.28 

J9 

4100 

4200 

Sod cutter 

3y hand 

B-12K 

20ab 

3.200 

240 

.005 

.067     , ' 

.12 

m 
26 J8 

127 

.48 

2.13 

029 300 | Lawns & Grasses 
308 0010 

0100 

SEEDING Athletic field mix, 8#/M.S.F.. push spreader 

Tractor spreader 

ROH 
.310 

A-l 

B-66 

10 

52 

iOO   M.< 

.154 

J.           11£0 

11.80 

1520 

3.60 

5.B5 

3.51 

32J5 

18.91 

45 

22.50 

308 

0200 

0400 

Hydro or air seeding, with mulch & fertil. 

Sirdsfoot trefoil. .45#/M.S.F., push spreader 

B-81 

A-l 

80 

10 

200 

.800 

25.50 

13.95 

6J0 

1520 

6.90 

5.85 

38.70 

35 

46 

47.50 • 

0500 

0600 

Tractor spreader 

Hydro or air seeding.with mulch & fertil. 

M6 

Ml 

52 

80 

.154 

300 

13.95 

28.50 

3.60 

6J0 

331 

6.90 

21.06 

41.70 

25 

49.50 

0800 

0900 

3iuegrass, 4#/M.S.F., common, push spreaoer 

Tractor spreader 

A-l 

B-66 

10 

52 

£00 

.154 

5.05 

5.05 

1520 

3.60 

5£5 

331 

26.10 

12.16 

37.50 

1520 

1000 

1100 

Hydro or air seeding, with muicn & fertil. 

Baron, push spreader 

B-81 

A-l 

80 

10 

300 

.800 

19.15 

10.60 

6J0 

1520 

6.90 

5£5 

32J5 

31.65 

39 

43.50 

«- 

1200 

1300 

Tractor spreaoer 

Hydro or air seeding, with mulch & fertil. 

B-66 

B-81 

52 

80 

.154 

J00 

10.60 

25.50 

3.60 

6J0 

331 

6.90 

17.71 

38.70 

21.50 

46 

1500 

1600 

Clover. 0.67#/M3.F.. white, push spreader 

Tractor spreader 

A-l 

B-66 

10 

52 

.800 

.154 

2.50 

2.50 

1520 

3.60 

5£5 

3.51 

23i5 

9.61 

34.50 

12.40 

1700 

1800 

Hydro or air seeding, with mulch and fertil. 

Ladino, push spreader 

B-81 

A-l 

80 

10 

J00 

£00 

16.65 

4.23 

6J0 

1520 

6.90 

5.85 

29£5 

2528 

36.50 

36.50 

1900 

2000 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 

«6 
Ml 

52 

80 

.154 

J00 

4.23 

18.20 

3.60 

6.30 

3.51 

6.90 

1U4 
31.40 

1430 

38 

2200 

2300 

Fescue 5.5#/M.S.F., tall, push spreader 

Tractor spreader 

A-l 

M6 

10 

52 

£00 

.154 

7J5 

7J5 

1520 

3.60 

5£5 

3.51 

28.40 

14.46 

40 

17.70 

2400 

2500 

Hydro or air seeding, with mulch and fertilizer 

Chewing, push spreader 

Ml 

A-l 

80 

10 

J00 

£00 

22i0 

8.55 

6J0 

1520 

6.90 

5.B5 

35.70 

29.60 

42.50 

41.50 

2600 

2700 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 

B-66 

Ml 

52 

80 

.154 

J00 

8.55 

23.50 

3.60 

6J0 

3.51 

6.90 

15.66 

36.70 

19.05 

43.50 

2900 

3000 

Crown vetcn, 4//M.S.F., pusn spreader 

Tractor spreader 

A-l 

M6 
10 

52 

.800 

.154 

38.50 

38.50 

1520 

3.60 

5.85 

3.51 

59.55 

45.61 

74.50 

52 

3100 

3300 

Hydro or air seeding, with mulch and fertilizer 

Sye, 10#/M.S.F., annual, push spreader 

Ml 
A-l 

80 

10 

J00 

£00 

53 

4£3 

6J0 

1520 

6.90 

5£5 

6620 

25£8 

76 

37 

3400 

3500 

Tractor spreader 

Hvdro or air seedine, with mulch and fertilizer 

M6 
Ml 

52 

80 

.154 

JO0 

4.83 

,,             18.25 

3.60 

6J0 

3il 
6.90 

11.94 

31.45 

14.95 

38 # 

1C 18 
X 

Se 

13 
etheR 

-y, 
sfercnct S 

$ 

tc6on fa referent anunberii brmaoofvC rewüsüngsar aClyCostlni 36D0B8 
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0221 Earthwork 
J02 

DAILY! MAN- i 
i 

JN1T ! 

1954 IM COSTS TOTAL 

ma UP *. 4»AJ | ucav^oaciuiii/ogmpäci. CREW loUTPUTl HOURS VAT.      i    LABOR    I EQUIP.    I TOT«. 

J4 4500 

4600 

City block within rone of influence, minimum 

Maximum 

A-8 125.2001 .001 

'   ! 15,100 i .C02 

S.F.  !                  |          .33 

•    !                  '          ."4 
1              °3 

1             .C4 

.04 

.07 

234 

5000 

5020 

Excavate and load boulders, less man 0.5 C.Y. 

0.5 C.Y. to 1 C.Y. 

B-IOT |   80 

B-lOUl 100 

.150 

.120 

CY. 1 
1 

3.39 

2.71 

:.45 

5.15 

3.54 

11.36 

1135 

1435 

o 

5200 

5400 

Excavate and load blasted rock, 3 C.Y. power sncvel 

Haul boulders. 25 Ton off-highway dump, 1 mile round trip 

B-12T 

B-34E 

1.530 

330 

.010 

.024 

.24 

.48 

.70 

1.81 

.34 

279 

1.14 

2.73 

5420 

5440 

2 mile round trip 

3 mile nund trip 

275 

225 

.029 

.036 

.57 

.70 

2.17 

2.65 

2.74 

335 

337 

4 

5460 

5600 

4 mile round trip 

Bury boulders on site, less than 0.5 C.Y.. 300 H.P. dozer 
T 200 .040 T .79 2.S8 3.77 4.49 

5620 

5640 

150' haul 

300' haul 

B-10M 310 

210 

.039 

.057 

CY. 

1 
.87 

1.29 

3.21 

4.74 

4.08 

6.03 

4.88 

730 

5800 

5820 

0.5 to ICY., 300 H.P. do». 150'haul 

300' haul " 
300 

200 

.040 

.060 Y 

.90 

1.35 

3.32 

4 98 

4.22 

6.33 

5.05 

7.60 

238 0010 

0020 

EXCAVATING. BULK BANK MEASURE Common earth piled 

For loading onto trucks, add 

R022 
•240 j    ! 

!         1 15% 15% 
238 

0050 

0100 

For mooilization and demobilization, see Division 022-274 

For hauling, see division 022-266 

R0Z2 
•250 

!             1 
!        ! 

1 
1 

0200 

0250 

Backhoe, nyoraulic. crawler mtd., 1 C.Y. cao. - 75 CYJhr. 

1-1/2 C.Y. cap. • 100 CYJhr. 

3-12A) 6O0 j .:27 

3-12BI 800 i .020 

CY.  I                   |           .£2 

!    i                   !           .46 

■3| 

:5| 

-..50 

1.31 

1.91 

1.65 

0260 

0300 

2C.Y.cap. - 130 CYJhr. 

3C.Y.cap. - 160 CYJhr. 

B-12C | 1.040 

B-12D i 1,620 

.015 

.010 

36 

33 

.50 

1.29 

136 

1.52 

1.53 

1.77 

0310 

0360 

Wheel mounted, 1/2 C.Y. cap. - 30 CYJhr. 

3/4 CY. cap.-45 CYJhr. 

B-12E 

B-12F 

240 

360 

.067 

.044 

1.54 

1.03 

1.33 

1.20 

2.87 

233 

3.82 

2.89 

0500 

0550 
Clamshell. 1/2 C.Y. cap. - 20 CYJhr.           (^==^Wi_ 

1 CY. cap. - 35 CYJhr.               -^_, •jffl1* 

B-12G 

B-12H 

160 

280 

.100 

.057 

231 

132 

2.82 

1.91 

5.13 

333 

6.65 

4.12 

0950 

1000 

Dragline, 1/2 C.Y. cap. - 30 CYJhr.             ^_ä  

Dragline, 3/4 CY. cap. - 35 CYJhr. 

B-121 240 

280 

.067 

.057 

1.54 

1.32 

1.95 

1.67 

3.49 

2.99 

4.50 

3.86 

1001 

1050 

3/4 CY. cap. -35 CYJhr. 

1-1/2 CY. cap.-65 CYJhr. 8-12P 

280 

520 

.057 

.031 

U2 

.71 

1.67 

1.46 

2.99 

2.17 

3.86 

2.69 

1100 

1200 

3CY.cap. - 112 CYJhr. 

Front end loader, track mtd., 1-1/2 C.Y. cao. - 70 CYJhr. 

B-12V 

8-10N 

900 

560 

.018 

.021 

.41 

.48 

.98 

.62 

139 

1.10 

1.71 

1.44 I" 
1250 

1300 

2-1/2 CY. cap.-95 CYJhr. 

SCY.cap. - 130 CYJhr. 

6-100 

HOP 

760 

1.040 

.016 

.012 

36 

36 

.62 

.75 

.98 

1.01 

133 

133 

( 

1350 

1500 

5CY.cap. - 160 CYJhr. 

Wheel mounted. 3/4 CY. cap. - 45 CYJhr. 

8-100 

B-10R 

1,620 

360 

.007 

.033 

.17 

.75 

.57 

.62 

.84 

137 

1 

1.84 

1 ^l*' 

1550 

1600 

1-1/2 CY. cap.-80 CYJhr. 

2-1/4 CY. cap. - 100 CYJhr. 

B-10S 

B-10T 

640 

800 

.019 

.015 

.42 

34 

.50 

.54 

.92 

.88 

130 

1.12 "" 

1601 

1650 

3CY.cap. - 100 CYJhr. 

5CY.cap. - 185 CYJhr. B-10U 

1,100 

1,480 

.011 

.008 

.25 

.18 

.40 

.62 

.65 

.80 

.82 

.96 

1800 

1850 

Hydraulic excavator, truck mtd, 1/2 C.Y. - 30 CYJhr. 

48 inch bucket. 1 CY. - 45 CYJhr. 

B-12J 

B-12K 

240 

360 

.067 

.044 

1.54 

1.03 

2.52 

231 

4.06 

334 

5.15 

4.11 

3700 

3750 

Shovel, 1/2 CY. capacity - 55 CYJhr. 

3/4 CY. capacity-85 CYJhr. 

B-121 

6-12M 

440 

680 

.036 

.024 

£4 

.54 

1.04 

.78 

1.88 

132 

2.44 

1.69 

3800 

3850 

1 CY. capacity - 120 CYJhr. 

1-1/2 CY. capacity- 160 CYJhr. 

B-12N 

B-120 

960 

1.280 

.017 

.013 

38 

79 

.63 

.67 

1.01 

.96 

138 

1.18 

3900 

4000 

3 CY. cap.-250 CYJhr. 

For soft soil or sand, deduct 

B-12T 2,000 .008 .18 .54 .72 

15% 

J7 

15% 

4100 

4200 

For heavy soil or stiff day, add 

For wet excavation with damshell or dragline, add 

60% 

100% 

60% 

100% 

4250 

4400 

All other equipment, add 

Clamshell in sheeting or cofferdam, minimum B-12H 160 .100 231 3.33 

50% 

5.64 

50% 

730 

4450 

8000 

Maximum 

For hauling excavated material, see div. 022-266 

60 .267 ▼ 6.15 8.90 15.05 1935 

242 0010 

2000 

EXCAVATING, BULK, DOZER Open site 

' 75 H.P.. 50' haul, sand & gravel B-10L 460 1 .026 CY. .59 .59 1.18 1.56 

242 

B-5~0 37 



«Pf 
022 I Earthwork 

022 200 I Excav./BackfiH/Compact 
irreaa fill, from stockpile with 2-1/2 C.Y. P.E. fcaaer 

130 H.P. 300* haul 

• 

256 

0700 

1000 
1100 

•Vith dozer 300 H.P. 300" haul 

ry compaction of embankment, see oiv. 022-226 

Gravel fill, compacted, under iloor slabs, 4" deep 

6'deeo 

9'deep 

12'deep 

DAILY I MAN- 

CREW IoirrpuTi HOURS 

B-IOPJ £00 I .020 

3-10MI 600 

B-37 

Alternate pricing method, 4' deep 

6'deep 

9* deep 

12"deeo 

Fa till under exterior paving, see division 022-308 

00111 HAULING Excavated or borrow material, highway naulers 

00121     Sank measure, no loading included 
002ÖT 

00301 
6 C.Y. dump truck, 1/4 miie round trip, £.0 loads/hr. 

1/2 mile round trip, 4.1 loads/hr. 

R022 
•240 

1 mile round trip, 3.3 ioaos/hr. 

2 mile round trio. 2.6 loads/hr. 

3 mile round trip, 2.1 loadyhr. 

4 mile round trip, 1.8 loads/hr. 

10.000 
8.600 

.020 

.005 

.006 

7,200 
6.000 
120 
160 
200 

220 

.007 

.008 

.400 

300 

.240 

il8 

1354 BASE C0ST5 

UNIT VAT. LABOR    I    EQUIP.    I     TOTAL 

■«I 

S.r.  | .:o 
.15 

7.50 

7.50 

3-34A I 

12 C.Y. dump truck, 1/4 mile round tap 3.7 loads/hr. 

1/2 mile round trip, 3.2 loads/hr. 

1 mile round trip 2.7 loads/hr. 

2 mile round trip, 22 loads/hr. 

3 mile round trip, 1.9 loads/hr. 

4 mile round tap, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

20 mile round trip, 0.5 load/hr. 

16.5 C.Y. dump trailer, 1 mile round tap. 2.6 loads/hr. 

1100 
1110 

2 mile round tap, 2.1 loads/hr. 

3 mile round trip, 1.8 toads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, .75 load/hr. 

20 mile round tap, .5 load/hr. 

240 
197 

.033 

.041 
j  :=0 j .050 

! !25 I .064 

B-348 

B-34C 

;oo 
35 

.030 

.094 

356 

308 

260 
210 
180 
150 

.022 

.026 

.031 

.038 

7.50 

7.50 

.10 

.11 

.13 

.16 
E.05 

4.82 

4.38 

.''. I 

.044 

.053 

32 

340 

20 CY. dump trailer, 1 mile round trip, 2.5 loads/hr. 

2 mile round trip, 2 loads/hr. 

275 

235 

210 
132 
100 
66 

8-340 

3 mile round tap, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

5 mile round tap, 1.1 load/hr. 

10 mile round trip, .85 load/hr. 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

Heavy traffic, add 

Grading at dump, or embankment if required, by dozer 

Spotter at fill or cut, if required 
Off highway haulers 

2030 

2040 

22 CY. rear or bottom dump, 1000' round tap, 4.5 loads/hr. 

1/2 mile round trip, 4.2 loads/hr. 

1 mile round trip, 3.9 loads/hr. 

2 mile round trip, 3.3 toads/hr. 

34 CY. rear or bottom dump, 1000' round trip, 4 loadyhr. 

1/2 mile round trip, 3.8 loads/hr. 

MOB 
lClab 

B-34F 

B-34G 

1. 

400 

320 

270 

240 

.082 

.163 

.250 

.024 

.029 

.034 

.038 

.061 

.080 

.121 

.020 

.025 

172 

136 
96 

1,000 

740 
685 
580 

1.090 
1.035 

.030 

.033 

.047 

.059 

.083 

.012 

.010 

.011 

.012 

.014 

.007 

.008 

Hr. 

CY. 

42 

i.:a 
1.85 
.44 
.51 

38 

1.05 

1.61 
3.22 
4.93 

.46 

.57 

.67 

.75 
1.19 
1.58 
239 
39 

.49 

i8 
.66 
.92 

1.16 
1.64 

n 
19 

20 
2\ 

23 
21 
.14 
.15 

1.13 

.85 

2.03 

2.50 

3.82 

i.12 
1.29 
1.53 

1.90 

2.21 
2.66 
4.07 
8.15 

12.45 
1.45 
i.79 
2.10 
2.35 

3.74 

4.94 

7.50 

1.24 

1.55 

1.83 
2.06 
2.88 
3.64 
5.15 

.82 

1.17 
1.26 
136 
1.61 
1.14 
1.20 

2.11 

.40 

.53 

16.68 
14.35 
13 

12.50 

2.01 
2.45 
3.02 
3.36 
4.83 

5.67 

1.56 
1.80 
2.14 
2.65 
3.09 
3.71 
5.68 

1137 
1738 

1.91 
236 

2.77 

3.10 
4.93 
6.52 
9.89 
1.63 
2.04 
2.41 

2.72 

330 

4. 

6.79 

2« 
30% 

1.09 
19 

137 
1.47 
139 

138 

1.28 
135 

TOTAL 
ma UP 

22 

18.70 

'.6.60 
15.85 

2.50 

3.01 

:.;o 

430 

7.05 

i.91 
2.21 
2.62 
3.25 

26 

3.79 

4.54 

6.95 
13.90 
2130 
231 
2.35 

3.34 

3.75 

5.95 

7.90 
11.95 

1.97 
2.46 
2.92 

3.28 

4.57 
5.80 
12S 

20% 
30X 

132 

30 

1.58 

1.72 

1.85 
2.19 
1.48 
1.55 

See the Reference Section fa reference number irtaaiicA Crew Lsrjros and ClyC^ 

8-sr/ 
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SITE WORK sj^fv^ A12.1-724 Common Earth Backfill 

<sM 
The Common Earth Backfilling System 
includes: a bulldozer to place and level 
backfill in specified lifts: compaction 
equipment; and a water wagon for 
adjusting moisture content 

5 

n 

• 

\   *v \^ e*#3      rft      rfcö: ""    U                                  The Expanded System Listing shows 
uxnmon tann Backfilling with 
bulldozers ranging from 75 H.P. to 

u   I          )                            juunr. me maxmum «stance rang» 
/ ^_—J-.                          from50'to3CO\Uftefwthecompactio 

"~    •    *                          range from 4* to 8". There is no waste 
included in the assumptions. 

System Components 
QUANTITY UNIT 

COST PERCY. 

EQUIP. LABOR TOTAL 
SYSTEM 12.1-724-1000 

EARTH BACKFILL 75 HP DOZER I ROLLER, 50' HAUL 4T.IFTS, 2 PASSES 

Backfilling, dorer 75 H.P. 50' haul, common earth, from stockpile 

Water wagon, rent per day 

Compaction, roller, 4' lifts. 2 casses 

Total 

1.000 

.004 

.035 

C.Y. 

Hr. 

Hr. 

.31 

.27 

.65 

.43 

.12 

1.84 

.74 

.39 

2.49 

1.23 2.39 3.62 

12. 1-724 Common Earth Backfill COST PER C.Y. t 

EQUIP. LABOR TOTAL 
1000 

1050 
Earth rjackfill,75 HP door & roller compactors,50' haul,4" lifts,2 passes 

4 passes 
1.23 

1.88 

2.39 

4.23 

3.62 

6.11 
1100 

1150 
8* lifts, 2 passes 

4 passes 
.91 

1.23 

1.50 

2.39 

2.41 

3.62 • 
1200 

1250 
150' haul, 4" lifts, 2 passes 

4 passes 
1.53 

2.18 

2.82 

4.66 

4.35 

6.84 
1300 

1350 
8" lifts, 2 passes 

4 passes 
1.21 

1.53 

1.93 

2.82 

3.14 

4.35 
1400 

1450 
300' haul, 4' lifts, 2 passes 

4 passes 
1.83 

2.48 

3.23 

5.05 

5.06 

7.53 
1500 

1550 
8' lifts, 2 passes 

4 passes 
1.51 

1.83 

2.34 

3.23 

3.85 

5.06 
1600 

1650 
105 HP dozer & roller compactors. 50' haul, 4' lifts. 2 passes 

4 passes 
1.28 

1.93 

2.30 
4.14 

3.58 

6.07 
1700 

1750 
8' lifts, 2 passes 

4 passes 
.96 

1.28 

1.41 

2.30 

2.37 

3.58 
1800 

1850 
150'haul, 4'lifts, 2 passes 

4 passes 
1.65 

2.30 

2.65 

4.49 

4.30 

6.79 
1900 

1950 

8' lifts, 2 passes 

4 passes 
1.33 

1.65 

1.76 

2.65 

3.09 

4.30 
2000 

2050 

300' haul, 4' lifts, 2 passes 

4 passes 
1.99 

2.64 

2.97 

4.81 

4.96 

7.45 
2100 

2150 
8' lifts, 2 passes 

4 passes 
1.67 

1.99 

2.08 
2.97 

3.75 

4.96 
2200 

2250 
200 HP dozer & roller compactors, 150' haul, 4' lifts, 2 passes 

4 passes 
1.70 

2.31 

1.55 

2.60 

3.25 

4.91 
2300 

2350 
8' lifts, 2 passes 

4 passes 
1.40 

1.70 

1.03 

1.55 
2.43 

3.25 
2600 

2650 

300' haul, 4* lifts, 2 passes 

4 passes 

2.11 

2.72 

1.74 

2.79 

3.85 

5.51 
2700 

2750 

8' lifts, 2 passes 

4 passes 
1.81 

2.11 

122 

1.74 
3.03 

3.85 • 

310 See the Reference Section for reference number inform anon. Crew U stings and City Cost Indexes 
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| SITE WORK ::- x   .-, A12.1-416 Excavate Clay 

"^ 

The Excavation o» Clay System balances      The Expanded System Usting shows 
the productivity of excavating equipment      Excavation systems using backhoes 
to hauling equipment It is assumed that      ranging from 1/2 Cubic Yard capacity to 
me hauling eauipmertvvülerxainter          1-1/2 Cubic Yards. Powershoveb 
Bght traffic and win move up no                 hdkated range from 1/2 Cubic Yard to 
considerable grades on the haul route.        3 Cubic Yards. Truck capacities range 
No rncttBzation cost is hcfuded. All costs     from 6 Cubic Yards to 20 Cubic Yards, 
given in these systems include a swell         Each system bts the number of trucks 
factorof40%.                                      involved and the distance (round trip) that 

each must travel IWeRP^T1 

System Components 
QUANTITY UNIT 

COST PERCY. 
EQUIP. LABOR TOTAL 

SYSTEM 12.1-416-1000 
EXCAVATE CLAY, 1/2 SFF3CY BACKHOE, TWO 6 CY DUMP TRUCKS.2 Ml ROUND TRIP 

Excavating bulk hyt). backhoe, wheel mtd. 1/2 C.Y. 
Haul earth, 6 C.Y. dump buck, 2 mile round trip, 2.6 loads/hr 
Spotter at earth (ill dump or in cut 

Total 

1.000 
1.000 
.020 

CY. 
CY. 
Hr. 

1.31 
4 

2.12 
2.72 

.69 

3.43 
6.72 

.69 

5.31 5.53 10.84 

12. 1-416 Excavate Clay COST PERCY. 
EQUIP. LABOR TOTAL 

1000 
1200 Three 6 CY. dump trucks, 4 mile round trip 

5.30 
7.15 

5.55 
6.70 

10.85 
13J5 

1400 
1600 

Two 12 CY. dump trucks, 4 mile round trip 
3/4 CY. backhoe, three 6 CY. dump trucks, 2 mile round trip 

5.15 
5.20 

4.54 
4.58 

9.69 
9.78 

1/00 
1800 

Five 6 CY. dump trucks, 4 mile round trip 
Two 12 CY. dump trucks, 2 mile round trip 

6.90 
3.98 

5.60 
3.26 

12.50 
7.24 

1900 
2000 

Three 12 CY. dump trucks, 4 mile round trip 
M/2 CY. backhoe, eight 6 CY. dump trucks, 3 mile round trip 

5.05 
5.80 

3.77 
4.20 

8.82 
10 

2100 
2200 

Three 12 CY. dump trucks, 1 mile round trip 
Six 12 CY. dump trucks, 4 mile round trip 

3.18 
4.78 

2.12 
3.15 

530 
7.93 - 

2300 
2400 

Three 16 CY. dump trailers, 2 mile round trip 
Four 16 CY. dump trailers, 4 mile round trip 

3.52 
4.38 

2.01 
2.40 

5.53 
6.78 

2600 
2800 

Two 20 CY.dump trailers, 1 mile round trip 
2-1/2 CY. backhoe, eight 12 CY. dump trucks, 3 mile round trip 

2.69 
3.99 

1.66 
2.44 

4.35 
6.43 

2900 
3000 

Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 

2.84 
3.81 

1.44 
2 

4.28 
5.81 

3100 
3200 

Four 20 CY.dump trailers, 2 mile round trip" 
Six 20 CY. dump trailers, 4 mile round trip 

2.96 
3.76 

1.62 
1.97 

4.58 
5.73 

3400 
3500 

3-1/2 CY. backhoe, ten 12 CY.dump trucks, 2 mile round trip 
Six 16 CY. dump trailers, 1 mile round trip 

4.06 
3.40 

2.05 
1.43 

6.11 
4.83 

3600 
3800. 

Ten 16 CY. dump trailers, 4 mile round trip 
Eight 20 CY. dump bailers, 3 mile round trip 

4.76 
3.93 

2.05 
1.68 

6.81 
5.61 

4000 
4100 

1/2 CY.pwr. shovel, three 6 CY. dump bucks, 1 mil« round trip 
Six 6 CY. dump bucks, 4 mile round trip 

2.87 
6.65 

2.61 
5.50 

5.48 
12.15 

4200 
4400 

Two 12 CY. dump trucks, 1 mile round trip 
Three 12 CY. dump bucks, 3 mile round trip 

3.12 
4.13 

2.47 
2.98 

5£9 
7.11 

4600 
4700 

3/4 CY. pwr. shovel, six 6 CY. dump trucks, 2 mile round trip 
Nine 6 CY. dump bucks, 4 mile round trip 

4.64 
6.50 

3.79 
5 

8.43 
11.50 

4ÜU0 
4900 

Three 12 CY. dump bucks, 1 mile round trip 
Four 12 CY. dump trucks, 3 mile round trip 

2.99 
4.08 

2.11 
2.77 

5.10 
6.85 

60ÜU 
5200 

Two 16 CY. dump bailers, 1 mile round trip 
Three 16 CY. dump bailers, 3 mile round trip 

2.94 
3.91 

1.91 
2.33 

4.85 
6.24 

5400 
5500 

1-1/2 CY. pwr. shovel, six 12 CY. dump bucks, 2 mile round trip 
Four 16 CY. dump bailers. 1 mile round trip 

3.52 
2.78 1.43 

5.76 
4.21 

302 SH the Reference Section for reference number Wormatta Crew Ustirx» nd City Cost 
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SITE WORK IA12.1-726- Clay Backfill 

The Clay Batting System Inductor a 
buUcsar to place and toval bockfl h 
spwitod Ifts; cotrpacam «qupmani; 
and aw»» wagen lor adjuMfornototiia 
contanL 

The Bqsandad Syatam Usflng ahowa 
Clay Backttng with bufctozara ranging 
from 75 HP. to 300 UP. The msdmum 
distance ränget torn 50* to 300*. Uta tor 
the compecaon range torn 4" tor. 
There lano waste hdudedh the 
assumptions. 

System Components 
ST5TEM 12.1.726-1000 
CUY BACKFILL, 75 HP DOZER & TAMPER, 50' HAUL, 61IFTS, 2 PASSES 

BJCkfifflnj, do» 75 H.P. 50' haul, day from stockpile 
Water wifon rent per day 
Compaction, tamper, 4' Ms, 2 pass 

Total 

(A 

% a 

QUANTITY 

1.000 
.004 

1.000 

UNIT 

C.Y. 
Hr. 
C.Y. 

12.1-726 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 
2050 
2100 
2150 
2200 
2250 
2300 
2350 
2600 
2650 
2700 
2750 

COST PER ay. 
EQUIP. 

.35 

.27 

.16 

.78 

LABOR 

1.23 

TOTAL 

34 
.39 
.78 

101 

Clay Backfill 
Clay baddül, 75 HP do» 4 tamper compass, fffwn.2 

4 
8* His, 2 passes 
    4 passes 

150'haul, 4'lilts, 2 
4 

8* lifts, 2 passes 
4 passes 

300* haut, 4* lifts, 2 passes 
4i 

8* Bits, passes 
Passes 

105 HP dear A tamper compactors, 50' haul, 4* Efts, 2 passes 
4( 

8*0fts,2 

150* haul, 4'tits, 2 
4 

8*Btts,2 

300'haul, 4'lifts, 2 
 4 passes 

8*ifts,2 
4 

200 HP dozer & sheepstoot compactors, 150' haul, 5' Bits, 2 passes 
4i 

8* Efts, 2 passes 
4i 

300'haul, 4'lifts, 2 passes 
         4pesses 

8'Efts, 2 passes 
4 passe 

COST PER C.V. 
EQUIP. 

.78 

.95 

1.13 
1.30 
1.05 
1.13 
1.46 
1.63 
1.38 
1.46 
33 

.75 

.83 
134 
1.41 
1.16 
134 
1.63 
1.80 
1.55 
1.63 
1.41 
1.64 
130 
1.41 
136 
2.09 
1.75 
1.86 

LABOR 
1.23 
134 
.92 
123 
133 
234 
1.42 
1.73 
119 
230 
138 
2.19 
1.12 
1.73 
31 

1.12 
TSÖ 
2.11 
1.19 
130 
137 
2.48 
136 
137 
.71 
37 
.63 
.71 
.92 
1.08 
34 
.92 

TOTAL 
2X1 
2.79 
132 
101 
236 
3.64 
247 
2.86 
335 
4.43 
326 
3.65 
135 
173 
136 
1.95 
174 
332 
235 
174 
330 
438 
111 
330 
112 
231 
133 
112 
178 
3.17 
239 
178 

312 See the Reference Section for reference number fnfonnsfo Craw Usthgi «id Cty Cost 
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SITE WORK A12.1-416 Excavate Clay 

The Excavation of Ctay System balances 
the productivity of excavating equipment 
to hauling equipment It Is assumed that 
the hauling equipment will encounter 
fight traffic and will move up no 
considerable grades on the haul route. 
No mobilization cost is Included. All costs 
given in these systems include a swell 
factor of 40%. 

The Expanded System Listing shows 
Excavation systems using backhoes 
ranging from 1/2 Cubic Yard capacity to 
1-1/2 Cubic Yards. Power shovels 
Indicated range from 1/2 Cubic Yard to 
3 Cubic Yards. Truck capacities range 
from 6 Cubic Yards to 20 Cubic Yards. 
Each system fists the number of trucks 
involved and the distance (round trip) that 
each must travel. 

System Components 
SYSTEM 12.M16-1000 
EXCAVATE CLAY, 1/2 SFF3CY BACKHOE, TWO 6 CY DUMP TRUCKS.2 Ml ROUND TRIP 

Excavating bulk hyd. backhoe, wheel mtd. 1/2 CY. 
Haul earth, 6 CY. dump truck, 2 mile round trip, 2.6 loads/hi 
Spotter at earth fill dump or in cut 

Total 

QUANTITY 

1.000 
1.000 
.020 

UNIT 

CY. 
CY. 
Hr. 

COST PERCY. 
EQUIP. 

1.31 
4 

5.31 

LABOR        TOTAL 

2.12 
2.72 

.69 

5.53 

_      to 

§ 
SO 

3.43 
6.72 

.69 

10.84 

12.1-416 Excavate Clay COST PER CY. 
EQUIP. LABOR TOTAL 

1000 
1200 

Excavate clay, 1/2C.Y. backhoe, two 6C.Y. dump trucks, 2mile round trip 
Three 6 CY. dump tracks, 4 mile round trip 

5.30 
7.15 

5.55 
6.70 

10.85 
13.85 

1400 
1600 

Two 12 CY. dump trucks, 4 mile round trip 
3/4 CY. backhoe, three 6 CY. dump bucks, 2 mile round trip 

5.15 
5.20 

4.54 
4.58 

9.69 
9.78 

1700 
1800 

Five 6 CY. dump trucks, 4 mile round trip 
Two 12 CY. dump trucks, 2 mile round trip 

6.90 
3.98 

5.60 
3.26 

12.50 
7.24 

1900 
2000 

Three 12 CY. dump tracks, 4 mile round trip 
1-1/2 CY. backhoe, eight 6 CY. dump trucks, 3 mile round trip 

5.05 
5.80 

3.77 
4.20 

8.82 
10 

2100 
2200 

Three 12 CY. dump trucks, 1 mile round trip 
Six 12 CY. dump trucks, 4 mile round trip 

3.18 
4.78 

2.12 
3.15 

5.30 
7.93 < 

2300 
2400 

Three 16 CY. dump trailers, 2 mile round trip 
Four 16 CY. dump trailers, 4 mile round trip 

3.52 
4.38 

2.01 
2.40 

5.53 
6.78 

2600 
2800 

Two 20 CY. dump trailers, 1 mile round trip 
2-1/2 CY. backhoe, eight 12 CY. dump trucks, 3 mile round trip 

2.69 
3.99 

1.66 
2.44 

4.35 
643 

2900 
3000 

Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 

2.84 
3.81 

1.44 
2 

4.28 
5.81 

3100 
3200 

Four 20 CY. dump trailers, 2 mile round trip 
Six 20 CY. dump trailers, 4 mile round trip 

2.96 
3.76 

1.62 
1.97 

4.58 
5.73 

3400 
3500 

3-1/2 CY. backhoe, ten 12 CY. dump trucks, 2 mile round trip 
Six 16 CY. dump trailers, 1 mile round trip 

4.06 
3.40 

2.05 
1.43 

6.11 
4.83 

3600 
3800 

Ten 16 CY. dump trailers, 4 mile round trip 
Eight 20 CY. dump trailers, 3 mile round trip 

4.76 
3.93 

2.05 
1.68 

6.81 
5.61 

4000 
4100 

1/2 CY. pwr. shovel, three 6 CY. dump trucks, 1 mile round trip 
Six 6 CY. dump trucks, 4 mile round trip 

2.87 
6.65 

2.61 
5.50 

5.48 
12.15 

4200 
4400 

Two 12 CY. dump trucks, 1-mile round trip 
Three 12 CY. dump trucks, 3 mile round trip 

3.12 
4.13 

2.47 
2.98 

5.59 
7.11 

4600 
4700 

3/4 CY. pwr. shovel, six 6 CY. dump trucks, 2 mile round trip 
Nine 6 CY. dump trucks, 4 mile round trip 

4.64 
6.50 

3.79 
5 

8.43 
11.50 

4800 
4900 

Three 12 CY. dump trucks, 1 mile round trip 
Four 12 CY. dump trucks, 3 mile round trip 

2.99 
4.08 

2.11 
2.77 

5.10 
6.85 

5000 
5200 

Two 16 CY. dump trailers, 1 mile round trip 
Three 16 CY. dump trailers, 3 mile round trip 

2.94 
3.91 

1.91 
2.33 

4.85 
6.24 

5400 
5500 

1-1/2 CY. pwr. shovel, six 12 CY. dump trucks, 2 mile round trip 
Four 16 CY. dump trailers, 1 mile round trip 

3.52 
2.78 

2.24 
1.43 

5.76 
4.21 

302 See the Reference Section for reference number Information, Crew Listings and CHy Cost Indexe« 
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SITE WORK IA12.1-726 Clay Backfill 

The Clay Backfiing System Includes: a 
bufWozer to place and level beddl In 
specified lifts; compaction equipment: 
and a water wagon tor adjusting moisture 
content 

The Expanded System Listing «how« 
OayBackSBngwithbuBdozer» ranging 
from 75 H.P. to 300 HP. The maximum 
distance ranges from 50' to 300'. Lifts far 
the compaction range from 4T to 8*. 
There to no waste hduded In the 
assumptions. 

System Components 
SYSTEM 12.1.726.1000 
CUY BACKFILL, 75 HP DOZER I TAMPER, 50' HAUL, 6UFTS, 2 PASSES 

Backfilling, do» 75 H.P. 50' haul, day from stockpile 
Water wagon rent per day 
Compaction, tamper, 4' Efts, 2 passes 

Total 

QUANTITY 

1.000 
.004 

1.000 

UNIT 

C.Y. 
Hr. 
C.Y. 

a 
§ 

COST PERCY. 
EQUIP. 

.35 

.27 

.16 

.78 

LABOR       TOTAL 

1.23 

M 

.39 

.78 

2.01 

12.1-726 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 

Clay Backfill 
Clay backfill, 75 HP door & tamper eompaetoi 50'haul,4Tifts, 2 passes 
 4 passes 

8'lifts, 2 passes 
4 passes 

150'haul, 4'lifts, 2 passes 
 4 passes 

1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 
2050 
2100 
2150 
2200 
2250 
2300 
2350 
2600 
2650 
2700 
2750 

8'lifts, 2 passes 
4 passes 

300'haul, 4'lifts, 2 passes 
    4passes 

8'lifts, passes 
Passes 

105 HP dozer & tamper compactors, 50' haul, 4' lifts, 2 passes 
      4 passes 

8* Efts, 2 passes 
 4 passes 

150'haul, 4'lifts, 2 passes 
     4 pisses 

8'Bits, 2 passes 
 4 passes 

300' haul, 4* lifts, 2 passes 
       4 passes 

8'lifts, 2 passes 
4 passes 

200 HP dozer & sheepsfcot compactors, 150' haul, 5' lifts, 2 passes 
4 passes 

8* lifts, 2 passes 
4 passes 

300'haul, 4'lifts, 2 passes 
    4 passes 

8'lifts, 2 passes 
4 passes 

COST PERCY. 
EQUIP. 

.78 

.95 

.70 

.78 
1.13 
1.30 

1.05 
1.13 
1.46 
1.63 
1.38 
1.46 
.63 

.75 

.83 
1.24 
1.41 
1.16 
1.24 
1.63 
1.80 
1.55 
1.63 
1.41 
1.64 
1.30 
1.41 
1.86 
2.09 
1.75 
1.86 

LABOR 
1.23 
1.84 
.92 

1.23 
1.73 
2.34 
1.42 
1.73 
2.19 
2.80 
1.88 
2.19 
1.12 
1.73 
.81 

1.12 
1.50 
2.11 
1.19 
1.50 
1.87 
2.48 
1.56 
1.87 

.92 
1.08 

TOTAL 
2.01 
2.79 
1.62 
2.01 
2.86 
3.64 
2.47 
2.86 
3.65 
4.43 
3.26 
3.65 
1.95 
2.73 
1.56 
1.95 
174 
3.52 
135 
2.74 
3.50 
4.28 
3.11 
3.50 
2.12 
151 
1.93 
2.12 
2.78 
3.17 
159 
2.78 
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SITE WORK A12.1-414 Excavate Common Earth 

The Excavation of Common Earth 
System balances the productivity of the 
excavating equipment to the hauling 
equipment It is assumed that the hauling 
equipment wi encounter light traffic and 
wQ move up no considerable grades on 
the haul route. No mobiSzarJon cost is 
Included. AI costs given In these systems 
Include a swell factor of 25% for hauling. 

The Expanded System Listing shows 
Excavation systems using backhoes 
ranging from 1/2 Cubic Yard capacity to 
3-1/2 Cubic Yards. Power shovels 
Indicated range from 1/2 Cubic Yard to 
3 Cubic Yards. Dragline bucket rigs range 
from 1/2 Cubic Yard to 3 Cubic Yards. 
Truck capacities range from 6 Cubic 
Yards to 20 Cubic Yards. Each system 
Ists the number of trucks Involved and 
the distance (round trip) that each must 
travel 

System Components 
SYSTEM 12.1-414-1000 
EXCAVATE COMMON EARTH, 1/2 $FF3 CY BACKHOE, TWO 6 CY DUMP TRUCKS, 1MRT 

Excavating, bulk nyd. backhoe wheel mtd., 1/2 CY. 
Haul earth, 6 CY. dump truck, 1 mile round trip, 3.3 loads/hr 
Spotter at earth fill dump or in cut 

Total 

QUANTITY 

1.000 
1.000 
.020 

UNIT 

CY. 
CY. 
Hr. 

COST PER CY. 

EQUIP.       LABOR       TOTAL 

.92 
1.86 

2.78 

1.49 
1.26 
.48 

3.23 

2.41 
3.12 

.48 

6.01 

to 

§ 

• 

12.1-414 Excavate Common Earth COST PERCY. 
EQUIP. LABOR TOTAL 

1000 
1200 

Excavate common earth, 1/2 CY. backhoe,two 6 CY. dump trucks, 1MRT 
-  -              Three 6 CY. dump trucks, 3 mile round trip 

2.78 
5.45 

3.23 
5.10 

6.01 
10.S5 

1400 
1600 

Two 12 CY. dump trucks, 4 mile round trip 
3/4 CY. backhoe, three CY. dump trucks, 1 mile round trip 

4.60 
2.69 

4.05 
2.58 

8.65 
5.27 

1700 
1800 

Five 6 CY. dump trucks, 3 mile round trip 
Two 12 CY. dump trucks, 2 mile round trip 

5.25 
3.55 

4.58 
2.93 

9.83 
6.48 

1900 
2000 

Two 16 CY. dump trailers, 3 mile round trip 
Two 20 CY. dump trailers, 4 mile round trip 

3.61 
3.67 

2.41 
2.54 

6.02 
6.21 

2200 
2300 

1-1/2 CY. backhoe, eight 6 CY. dump trucks, 3 mile round trip 
Four 12 CY. dump trucks, 2 mile round trip 

5.15 
3.27 

3.92 
2.31 

9.07 
5.58 

2400 
2500 

Six 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 2 mile round trip 

426 
3.14 

2.82 
1.79 

7.08 
4.93 

2600 
2700 

Two 20 CY. dump trailers, 1 mile round trip 
Three 20 CY. dump trailer, 3 mile round trip 

2.41 
3.22 

1.47 
1.83 

3.88 
5.05 

2800 
2900 

2-1/2 CY. backhoe, six 12 CY. dump trucks, 1 mile round trip 
Eight 12 CY. dump trucks, 3 mile round trip 

2.59 
3.56 

1.60 
2.18 

4.19 
5.74 

3000 
3100 

Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 

2.54 
3.41 

130 
1.78 

3.84 
5.19 

3200 
3400 

Six 20 CY. dump bailers, 4 mile round trip 
3-1/2 CY. backhoe, six 16 CY. dump trailers, 1 mile round trip 

3.36 
3.03 

1.75 
1.29 

5.11 
4.32 

3600 
3800 

Ten 16 CY. dump trailers, 4 mile round trip 
Eight 20 CY. dump trailers, 3 mile round trip 

4.25 
3.51 

1.85 
1.52 

6.10 
5.03 

4000 
4100 

1/2 CY. pwr. shovel, four 6 CY. dump trucks, 2 mile round trip 
Two 12 CY. dump trucks, 1 mile round trip 

4.27 
2.77 

3.50 
2.21 

7.77 
4.98 

4200 
4300 

Four 12 CY. dump trucks, 4 mile round trip 
Two 16 CY. dump trailers, 2 mile round trip 

4.21 
3.09 

2.90 
2.07 

7.11 
5.16 

4400 
4500 

Two 20 CY. dump trailers, 4 mile round trip 3.57 2.41 5.98 

4800 
4900 

3/4 CY. pwr. shovel, six 6 CY. dump trucks, 2 mile round trip 
Three 12 CY. dump trucks, 1 mile round trip 

4.15 
2.66 

337 
1.88 

7.52 
4.54 

5000 
5100 

Five 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 3 mile round trip 

4.21 
3.49 

2.78 
2.08 

6.99 
5.57 

5200 
5400 

Three 20 CY. dump trailers, 4 mile round trip 
1-1/2 CY. pwr. shovel, six 12 CY. dump bucks, 1 mile round trip 

3.44 
2.54 

2.05 
1.59 

5.49 
4.13 

300 See the Reference Section for reference number information, Crew Listings and City Cost Indexes 



£022 I Earthwork 
092 IM  1 Crarllnn.- 

CREW 

MUT 

OUTPUT 
kUH- 

HOURS UNIT 

1994 VK COSTS TOTAL. 

waotf- MAT. IAB0R EQUIP. TOTAL 

i 

104 0010 GRADING Site excav. & fiU. see drv 022-200 

0020      Fine grading, see dry 025-122 
1( 

] 022 200 | ExcavVBackfill/CompacL 
■0**f(li 3

 S
IT

E
 W

O
R

K
 

0010 

0100 

BACKFILL By hand, no compaction, light soil 

Heavy soil 
RQ22 
•220 

lQab 14 

11 

i71 
.727 

a 10.85 

13.80 

10.85 

13.80 

1720 

22 

2t 

0300 

0400 

Compaction in 6' layers, hand tamp, add to above 

Roller compaction operator walking, add B-10A 

20.60 

100 

.388 

.120 

7.40 

2.71 .82 
7.40 

3.53 

11.70 

5.10 
05a 

0600 

Air tamp, add 

Vibrating plate, add 
B-9 

A-l 

190 

60 

211 

.133 

4.08 

2.53 

.78 

.97 

4.86 

3.50 

730 

5.10 
0800 

0900 

Compaction in 12* layers, hand tamp, add to above 

Roller compaction operator walking, add 

ldab 

B-10A 

34 

150 

.235 

.080 

4.47 

131 .54 
4.47 

235 

7.10 

339 
1000 

1100 

Air tamp, add 

Vibrating plate, add 
B-9 

A-l 

285 

90 

.140 

.089 w 

2.72 

1.69 

.52 

.65 

324 

234 

4.88 

339 
208 0010 

0020 

BACKFILL, STRUCTURAL tozer or F.F. loader 

From existing stockpile, no compaction 
2C 

2000 

2020 

75 H.P., 50' haul, sand & gravel 

Common earth 
B-10L 1,100 

975 

.011 

.012 

a .25 

.28 

25 

28 

.50 

.56 

£5 

.74 
21)40 

2200 

Clay 

150' haul, sand & gravel 
850 

550 

.014 

.022 

32 

.49 

32 

.49 

.64 

.98 

.84 

130 
2220 

2240 

Common earth 

Clay 
490 

425 

.024 

.028 

i5 
.64 

i5 
.64 

1.10 

128 

1.47 

1.69 
2400 

2420 

300' haul, sand & gravel 

Common earth 
370 

330 

.032 

.036 

.73 

32 

.73 

.82 

1.46 

1.64 

1.94 

2.18 
2440 

3000 

Clay 

105 H.P., 50' haul, sand & gravel 
T 

MOW 

290 

1,350 

J041 

.009 

.93 

20 

.94 

JO 

1.87 

.50 

2.48 

.64 
3020 

3040 

Common earth 

Clay 
1,225 

1,100 

.010 

.011 

22 

21 

.33 

37 

.55 

.62 

.70 

.78 
3200 

3220 

150' haul, sand & gravel 

Common earth 
670 

610 

.018 

.020 

.40 

.44 

.60 

.66 

1 

1.10 

129 

1.42 
3240 

3300 

Clay 

300' haul, sand & gravel 
550 

465 

.022 

.026 

.49 

J8 

.73 

.87 

122 

1.45 

137 

1.85 
3320 

3340 

Common earth 

Clay V 

415 

370 

.029 

.032 

.65 

.73 

.97 

1.09 

1.62 

1.82 

2.08 

233 
4000 

4020 

200 H.P., 50' haul, sand & gravel 

Common earth 
MOB 2,500 

2,200 

.005 

.005 
.11 

.12 

22 

21 

.44 

.49 

33 

.60 
4040 

4200 

Clay 

150' haul, sand & gravel 
1,950 

1,225 

.006 

.010 

.14 

22 

.42 

.67 

.56 

.89 

£1 

1.08 

~> 4220 

4240 

Common earth 

Clay 
1,100 

975 

.011 

.012 

25 

28 

.75 

.84 

1 

1.12 

120 

135 
4400 

4420 

300' haul, sand & gravel 

Common earth 
805 

735 

.015 

.016 

34 

21 

1.02 

1.12 

1.36 

1.49 

1.64 

130 
4440 

5000 

Clay 

300 H.P., 50' haul, sand & gravel                                  E (-10M 

660 

3,170 

.018 

.004 

.41 

.09 

124 

31 

1.65 

.40 

2.01 

.48 
5020 

5040 

Common earth 

Clay 
2,900 

2,700 

.004 

.004 
.09 

.10 

34 

21 

.43 

.47 

32 

37 
5200 

5220 

150' haul, sand & gravel 

Common earth 
2,200 

1,950 

.005 

.006 

.12 

.14 

.45 

.51 

JS1 

.65 

.69 

.77 
5240 

5400 

Clay 

300' haul, sand & gravel 
1,700 

1.500 

.007 

.008 

.16 

.18 

.59 

.66 

.75 

34 

39 

1.01 
5420 

5440 

Common earth 

Clay " 
1,350 

1,225 

.009 

.010 a 

20 

22 

.74 

.81 

.94 

1.03 

1.12 

123 
6000 

6010 

For compaction, see div. 022-226 

For trench backfill, see cTrv. 022-254 & 

16 0011 

4000 

BORROW Bank measure, loaded onto 12 C.Y. hauler, no haul incl. 

Common earth, shovel, 1 C.Y. bucket                                      E H2N 840 .019 C.Y. 3.58 .44 .72 4.74 5.40 

21! 

• 

34 See the Reference Section far reference number hfemia^ Crew UsSngs and CiVC^Indaxer 



^029 | ;Landscaping>:^^^^'- •'—'■^^:^M^^iH^#«^^^.^^^ | 

> 

.. 029 200 | Soil Preparation . DAILT 1 MAN- 

MEW I00TPUTI HOURS 

1 

UNIT 1 

•.394 UK COSTS TOTAL 

INCLOtf MAT.           ÜtaOR    1    E3U1P.    |     T3TAL 

.5! 600011 ...rj tcoscu. *-J h? tractor, OISK narrow, i cess 3-66 1:0.0001 .C01 

1    -C.0C0I .C01 

S. 
''!               i    "' 

21 

22 

204 

:.00l                   -.' :eso 

51:01          i;' rotctiller. 2" ieeo 
+   , 30.0001 -C01 

A-1  1 1.250 1 .CC6 

i :A 1       .:i 
I          '.2 i          C5 .17 

.•2 

25 
52001                    "deeo' 

62501                  j-iJeeo 
1    1 1.000 1 .008 

i   ' 750 1 .011 " !         M 
.06 

.C8 

21 

.28 

12 

.43 
'0001 Lawn maintenance see Division 029-700 

J                1 1 
1 
1 

!C8 OOiOl PLANT BED PREPARATION 

01001     Backfill planting pit. by hand, on site toosoil 

i 

2Clabi  18  i £89 C.Y. 16.90 16.90 235) 

208 

* 02001               Preoareo planting mix 

02001          skid steer uaoer. on site toosoil 
'   i  24  | .667 

B-62 j 340 i .371 

i2.65 

1.44 .28 
12.65 

1.72 

215) 

2.70 
0400)              Prepareo Planting mix 

10001     Lcavate wanting pit, by hand, sanov soil 
*   | 410 

20abl   16 

.059 
1 

120 

19 

23 1.43 

19 

224 

22 
11001               Heavy sou or day 

12C0I          "..2 C.Y. tacxtioe. sanoy soil 
'   !   3 

3-11CI 150 

2 

.107 

23 

2.31 1.33 

38 

3.64 

64 

525 
.iJj 1               'eavy son or aay 

UK 1     " < oianting sen. incl. team, manure, ceat. Dv nana 
'   : 115 1 .133 

2&SI  60  i ,:57 

|        3.02 

24    I        5.05 

i.74 4.76 

29.05 

515 

25 
i.V.l          ;va steer loacer 

2C-001     : i soo. SKid steer uaoer 
E-62 1 1:0 1 .1:0 

'   ! 2.S00 1 .CC9 
T   |         24 

S.Y. I 

328 

.18 

.54 

.03 

27.92 

.21 

325! 

23 
3i00l          rynano 

4000 i     remove soo. P.E. leader 
2Qabi 

B-10S 

400 j .040 

2.0001 .006 

J6 

.14 .16 
.76 

5) 
128 

29 

; 

41001          Sod cutter 

42001          3yhand 
B-12K 

20ab 

3.200 

240 

.005 

.067 " 
.12 

1.27 

26 18 
127 

.48 

2.13 

029 300 | Lawns & Grasses 
08 0010 

0100 

SEEDING Athletic field mix, 8#/M.S.F., pusn spreaaer 

Tractor spreader 
RB29 
•310 

A-1 

B-66 

10 

52 

.800 

.154 

s. IliO 

11.80 

1520 

3.60 

515 

3.51 

3215 

18.91 

45 

225) 

308 

r 0200 

0400 
Hydro or air seeding, with mulch & fertiL 

«irdsfoot trefoil. .45#/US.F„ push spreaaer 
B-81 

A-1 

80 

10 

.300 

100 

255) 

13.95 

6.30 

1520 

6.90 

5.85 

38.70 

35 

46 

475) 
0500]                   Tractor spreader 

0600 j                   Hydro or air seeding.with mulch & fertil. 
B-66 

B-81 

52 

80 

.154 

.300 

13.95 

28.50 

3.60 

6J0 

3.51 

6.90 

2116 

41.70 

25 

495) 
0800 

0900 
3!uegrass, 4#/M:S.F„ common, push spreaaer 

Tractor soreader 
A-1 

B-66 

10 

52 

iOO 

.154 

5.05 

5.05 

1520 

3.60 

515 

3il 
26.10 

12.16 

375) 

1520 

"~^ 
lUWH                   Htfrow air seeoing, with muicni fertil. 
1100 j               3aron. push soreader 

B-81 

A-1 

80 

10 

J00 

.800 

i9.15 

10.60 

620 

1520 

6.90 

5.85 

3215 

31.65 

39 

435) 
12001                  Tractor spreaaer 

13001                   Hydro or air seeding, with mulch & fertil. 
B-66 

Ml 
52 

80 

.154 

200 

10.60 

25.50 

3.60 

620 

311 

5.90 

17.71 

38.70 

215) 

46 
1500 

1600 

Clover, 0.67#7M.S.F.. white, push spreader 

Tractor soreader 
A-1 

B-66 

10 

52 

.800 

.154 

25) 

2i0 
1520 

3.60 

515 

3il 
2315 

9.61 

345) 

1140 
WOO |                  Hydra or air seeding, with mulch and fertil. 

18001               Ladino, push spreader 
B-81 

A-1 

80 

10 

.300 

£00 

16.65 

423 

65) 

1520 

6.90 

5.85 

2915 

2528 

365) 

365) 
1900 

2000 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 
B-66 

B-81 

52 

80 

.154 

.300 

423 

18.20 

35) 

65) 

3il 
6.90 

1114 

31.40 

1410 

38 
2200 

2300 

rescue 3.5#/M.S.F.. Uli, pusn spreader 

Tractor spreader 
A-1 

B-66 

10 

52 

.800 

.154 

725 

725 

1520 

3.60 

515 

311 

28.40 

14.46 

40 

17.70 
2400 

2500 

Hydro or air seeding, with mulch and fertilizer 

Chewing, push spreader 
Ml 

A-1 

80 

10 

300 

£00 

225) 

8.55 

65) 

1520 

6.90 

5.85 

35.70 

».60 

425) 

415) 
26001                  Tractor spreader 

27001                   Hydro or air seeding, with mulch and fertil. 
B-66 

B-81 

52 

80 

.154 

.300 

8.55 

235) 

160 

65) 

3.51 

6.90 

1516 

36.70 

19.05 

435) 
2900 

3000 

Crown vetcn. 4#/M.S.F., pusn spreader 

Tractor spreader 
A-1 

B-66 

10 

52 

£00 

.154 

385) 

38J0 

1520 

3.60 

5.85 

311 

5915 

45.61 

7451 

52 
3100 

3300 

Hydro or air seeding, with mulch and fertilizer 

S'/e. 10#/M.S.F„ annual, push spreader 
B-81 

A-1 

80 

10 

200 

£00 

53 

4.83 

65) 

1520 

6.90 

515 

6620 

2518 

76 

37 

> 

34001                   Tractor spreaaer 

35001                   Hvdra or air seeding, with mulch and fertilizer 

M6 
8-81 

52 

80 

.154 

.300 r 

.    4.83 

1825 

3.60 

65) 

311 

6.90 

1114 

31.45 

1415 

38 

108 See the Referent» Section fa reference runter Momatoa Crw listings ana CtyCaS Mas 
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0010 
0200 

tROSlON CONTROL Jute mesrt. 100 S.Y. per roll, 4' wide, stapled 
Nylon, 3 dimensional 
Piper biodegradable mesh 
Paper mulch 

Plastic netting, stapled, V x V mesh, 20 mil 
Polypropylene mesh, stapled, 6.5 ozJ5.Y. 
Tobacco netting, or jute mesh #2, stapled 
Silt fence, polypropylene, ideal conditions 

Adverse conditions 
Place and remove hav bales 

0100 
0200 
0300 
0400 

0700 
0800 

RETAINING WALLS Akiminued steel bin, excavation 
and backfill not included. 10' wide 

4'high, design A, 5.5'deep 
8'high, design A, 5.5'deep 
10'high, design B, 7.7'deep 
12' high, design B, 7.7' deep 
16' high, design B, 7.7* deep 

16'high, design C, 9.9'deep 
20* high, design C, 9.9'deep 
20' hrgh, design D, 12.1' deep 

46 
See Ite Refemict Swtofaralwn« 
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a329 I Landscaping *£*H-*«~ - -^:^.^^-m^ ̂'.-"^■sy&i 
-*v>ä5*<'j.;=. 

T*-1^ *   ' •££ '^fi^fiZtfSfrSr'C'* HL* 
.029 300 | Lawns & Grasses                m 

DAILY    kUM- 
W OUTPUT HOURS   UN 

1994 ltt£ OSTS TOTAL 

IT        MAT. moR EQUIP. TOTAL waoip  1 

ii 1200 
1500 

1000 S.F.                                                     W 
Sloped pound, over 6 M.S.F. 

3     16 
15 

2i00   Mi 
2.667 

S.         360 
320 

49iO 
53 

6 
6.40 

415.50 
379.40 

480 
440 

316 

!** 1600 
1700 

3 M4.F. 
1000 S.F. 

13i0 

12 

2.963 
3J33    < 

350 
370 

59 
66.50 

7.10 

8 

416.10 
U4.50 

485 

520 ! 
«0 0010 

0100 

STOLENS, SPRIGGING 
6'O.a. by hind                                                         10 ab    4 2     Mi S.          1140 38 4940 72.50 

320 1 

0110 
0120 

Walk behind sprig planter 

Towed sprig planter                                               EM 

80 

A    350 

.100 

.023 

1140 
11.50 

1.90 
43 .52 

13.40 
1245 

15.65 
14.05 

■•■ 

0130 
0140 

9* O.C., by hand                                                      10 
Walk behind sprig planter 

ab   5.20 
92 

1438 
.087 

8.50 
840 

29 
1.65 

3740 
10.15 

56 
1145 

0150 
0160 

Towed sprig planter                                                  W 
12* O.C., by hand                                                     10 

i«    420 
lab    6 

.019 
1433 

8.50 
5.25 

.45 
25.50 

.43 94« 
30.7! 

1040 
46 

-• 0170 
01» 

Walk behind sprig planter 
Towed sprig planter                                                  W 

HO 
>6    500 

473 
.016 

545 

545 

148 
47 46 

6i2 
54! 

8 
6.75 

0200 

0210 

Broadcast, by hand, 2 Bu per USI.                                   1C 

4Bu.perM4.F. 

lab    15 

10 

433 

400 

4.65 

9.10 

10.15 

1540 

14Ä 

244t 

21 
34 

0220 

0300 

6Bu.perM4.F.                                                   i 
Hydro planter, 6 Bu. per M.S.F.                                          B-i 

r    6.50 
54    100 

1.231 
.160 

13.65 

13.65 

2340 

3.07 2.55 

37.1! 

194; 

52 

22.50 

•7-' 

■*■ 

0320 Manure spreader planting 6 Bu. per M.S.F.                              W »    200 .040     , r             13.65 .94 .91 15.5C 17.45 

i 029 500 | Trees/PIants/Gmd Cover 
ill W10 

0100 
MULCH 

Aged barks. 3' deep, hand spread                                       1C lab   100 m   S. Y.             1.52 142 3.« 1           4.08 
516 

* 
V 

0150 
#00 

Skid steer loader                                                 & 
Hay, 1'deep, hand spread                                            1C 

53   13i0 
lab   475 

2463   Mi 
.017    S. 

J.         166 
Y.              .16 

59 
42 

7.10 232.1 
.41 

)         283 
J             .69 

--*\ 
0250 
0350 

Power mulcher, small                                            BJ 

Large                                                     & 

64    180 
55    530 

X89   M. 
.030 

LF.           17.15 
17.15 

1.71 
48 

1.41 
.77 

702 
185 

7          23 
3          205) 

f.' 0370 
0380 

Fiber mulch recycled newsprint hand spread               1C 
Power mulcher small                                            B- 

lab   500 
64    200 

416    S. 
.080   M- 

Y.              .07 
LF.            6.75 

J0 
144 147 

4 
95 

1            46 
5          1145 

0390 
0400 

Power mulcher large                                        B- 
Humus peat, 1'deep, hand spread                                      11 

65    600 
üb   700 Ml    S. 

6.75 
Y.              .60 

41 
42 

.68 7.9- 
£ 

1 9 
2 1 

0450 
0550 

Pushspreader                                                    A 
Tractor spreader                                                 fl- 

■1    2,500 
66    700 

.003 
mi   M- 

.60 
&J.          62.50 

JX> 
21 

S2 
46 

.61 
63.0 

S             .79 
3          69.50 

0600 
0650 

oat straw, 1'deep, hand spread                                         1( 
Power mulcher, small                                            B- 

Jab   475 
64    180 

.017    S. 
m M. 

Y.              32 
IS.          24 

32 
1.71 1.41 

5 
27.1 

4             .75 
2          3053 

0700 
0750 

Large                                                        &• 
Add for asphaltjc emulsion                                         8- 

65    530 
45   1,770 

.030 
409    G 

24 
aL            140 

48 
i0 

.77 
48 

25J 
2D 

5          2853 
8           248 

P 0600 
0850 

Peat moss, 1' deep, hand spread                                        1 ( 
Pushspreader                                                 A 

Jab   900 
rl    2,500 

.009    S 
403 

Y.              M 
44 

.17 
46 .02 4 

1 1.19 
2 1.05 

W 0950 
1000 

Tractor spreader                                                 B 
Polyethylene film, 6 rnä.                                               21 

66    700 
3ab 2.000 

411   M. 
408    S 

SJ.          91i0 
.Y.              .15 

■27 
.15 

.26 92.0 
4 

3         102. 
0             .41 

m 1010 
1020 

4 mil 

1-1/2 mB 

2400 
2400 

.007 
406 

.12 

.07 
.13 
.12 

4 
.1 

5             M 
9             47 

<r~ 

w 
1050 
hoo 

Filter fabric weed barrier                                                   - 
Redwood nuggets, 3* deep, hand spread                               1 

r   2,000 
3ab   ISO 

408 
453 

1 
4.90 

.15 
1.01 

1.1 
5.9 

5            144 

1            7 

fl 1150 
1200 

Skid steer loader                                              B 
Stone mulch, hand spread, ceramic chips, economy                     B 

«3   135) 
14    125 

2J63  M. 
484    S 

SJ.         545 
iY.             545 

59 
7.70 

7.10 
1.60 

611.1 
144 

0         700 
5          19.70 

1250 
1300 

Dehne 
Granite chips                                                     1 

95 
1-1      10 

5)5 
2.400   C 

7.75 
X           25 

10,15 
47 

2.10 20 
72 

27 
103 4, 1400 

1500 
Marble chips 
Onyxgemstone 

10 
10 

2.400 
2.400 

95 
280 

47 
47 

142 
327 

180 
385 

***i 1600 
1700 

Pea gravel 
Quartz 

28 

r      10 

.857 
2.400 

1640 
.-           120 

16i5 
47 

331 
167 

ß          4453 
207 

§ k.. 

1800 
1900 

Tar paper, 15 Lb. felt                                                    1 
Wood chips, 2* deep, hand spread 

Qab   800 
'      220 

.010    ! 

.036 

>.Y.               .34 
.85 

.19 

.69 1. 
53 £1 
54 2.03 

ß~W 
107 
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• 

1 
1 

\    . 

3)21 | Site Preparation and Excavation Support - fi'-.-:",Sfty^ 

>, 

.021 100 | Stta Clearing on 
MUl MM. 

OUTIVTIHOüB UNIT 
1»4IMZ COSTS Ton. 

Mao» MAT.     i   uaot EQUP. TOTli 
w 0010 

01» 
CLEAR AND (KU8 lift tree a 6'diam. cut* chip 

Grub aumcs and mm 
B-7 

8-30 
1 
2 

48 
12 

Aai 970 
255 

1.075 
740 

2.045 
995 

2.700^ 
1200 

nr 
U1W 
0200 

Gear 4 grab brush A stumps 

Medium, tree to ir dba. cut t chio 

• 

8-7 
i8 
.70 

41379 
61571 

880 

U75 
2350 
1325 

3.430 
2300 

4.150 
3350 m 0250 

0260 
Gnib stumps and nrrm 

Clear A t^ ana brutt 4 stumps 
B-30 

* 
1 

.47 
24 

51.064 
510 

1.075 
1,475 
3.150 

1385 
4,225 

2.400 
5.12S 

IUUU 

0350 
Heavy, tree to 24' dam, cut 4 chip 

Grab tnira and remove 
B-7 

8-30 
JO 
JO 

160 
48 

1225 
1.025 

3375 
2.950 

6300 
3375 

9325 
4325 5 

(A 

U40U 
3000 

« bumini ■ allowed, nduca cut 4 dip 
Chiooim stumps, to 18* dm 12* «Sun. 846 20 .400 EL 9.75 735 17.70 

40% 

2330 
am 
3080 

18"cümetar 
24'«Tarnet» 

16 
14 

.500 

.571 

1120 
1190 

935 
1135 

2115 
2125 

2930 
34 

J100 
3120 

CTtiametar 
36*dlamenr 

12 
10 

.667 

.800 
1125 
1930 

1125 
1530 

2930 
3140 

3930 
4730 

J160 
5000 

48*diametsr 
Tree thinning, teller bunch», conüar 

^ 8 1 T 2430 1935 4435 5930 

5080 
5120 

Upto8*diarMtar 
12* diameter 

6- 93 240 
160 

.033 

.050 
a 31 

1.22 
1.42 
113 

123 
335 

180 
421 

4240 
5280 

Harowood. up to 4'diameter 
8'diameter 

240 
180 

.033 

.044 
31 

1.08 
1.42 
139 

123 
237 

230 
3.74 

SiAl 
7000 

12*diimetar 
Tree removal, congested ana. aerial Ht truck 

i ' 120 .067 + 132 234 4.46 160 

im 
7010 

8° dimeter 
12*diametv 

Si 15 7 
6 

5J14 
6.667 

£ L 115 
135 

no 
128 

225 
263 

300 
350 

7180 
lffdiameter 
24'diameter 

5 
4 

8 
10 

162 
202 

154 
193 

316 
395 

425 
523 

>■ 
M40 
7280 

36'diameter 
48,dtometer ' ' 

3 
2 

13333 
20 i ' 

269 
405 

257 
385 

526 
790 

70S 
1350 

10t 0010 
0100 

CLEARING Brush with brusft saw 
By hand 

A,l 
* 

.25 

.12 
32 

66i67 
Ac re 610 

1.275 
234 
485 

844 
1.760 

1325 
2325 

lot 

IUUU 
0400 

With dour, ball and chain, light dtarinj 
Madkim clearing 

B-11A 
• 

2 
L50 

8 
10667 

173 
231 

410 
545 

583 
776 

720 
960 

0500 
0550 

Withdnerand brush rib, light 
Meefum brush to 4" diameter 

B-: IB 1 
.60 

16 
21667 

345 
580 

1,025 
1,725 

1370 
2305 

1375 
2,775 

UbUU 
1000 

Heavy brush to 4' dornt* 
8rush mowing, tractor «rratary mower, no removal 

i ' .40 40 i ' 865 2375 1440 4,175 

1020 
1040 

light derart* 
Mooum density 

844 

1 
2 

liO 
4 

5333 
Ac n 9730 

130 
104 
139 

20130 
269 

264 
350 

10» Heavy density 1 1 8 ^ ' 195 209 404 530 

116 0010 
0020 

FELLING TREES 4 PILING With tractor, large tract, firm 
level terrain, no boukkts, less than 12* «am. tree 

lit 

woo 
0340 

300 HP dear, up to 400 treesracm, O to 25% hardwoods 
25% to 5« hardwoods 

8-1 OH J5 
30 

16 
20 

Ac R 360 
450 

1325 
1,650 

1385 
2.100 

1000 

0370 
0400 

75% to 100% hardwoods 
500 treeVacra, 0% to 25% hardwoods 

.45 

.60 
26367 

20 
600 
450 

1225 
1.650 

1825 
1100 

1350 
232S 

0440 
0470 

25% to iXT% hardwoods 
75% to 1<X7% hardwoods 

M 
36 

25 
33333 

565 
750 

1075 
2,775 

1640 
3325 

3450 
4325 

0500 
0540 

Mora than 600 trees/acre, 0 to 25% hardwoods 
25% to 50% hardwoods 

.52 

.42 
21077 
28371 

520 
645 

1325 
2375 

1445 
3.020 

1900 
3300 

0570 
0900 

75%tol<X}%hjfljwooas 
Urge tract clearing per tree 

\ ' 31 31710 1 ' 875 1200 4,075 4375 

1500 
1550 

300 HP dozer, to 12* diameter, softwood 
Hardwood 

B-l ou 320 
100 .120 

E L • 35 
171 

HI 
935 

336 
1236 

4.73 
1115 

f 1600 
1650 

12* to 24' diameter, softwood 
Hifdwood < 

200 
80 

360 
.150 i ' 

135 
339 

438 
12.45 

633 
1534 

730 
1835 

ß-b7 29 
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X)22 | Earthwork 

022200 | Excav^BacfclB^ConipacL 
^^V*'/A'~^y^l^~^^if^^^i^^'■ 

0150 
0170 
0190 
0400 

ifim fitf, tram stocko* «oh 2-1/2 CY. Fi. badtr 
130 RP. 300* haul 

I OUT I KM- 
owlouimiHouH 

0500 
0600 
0700 

0800 
1000 

1100 

With do» 300 RP. 300'haul 
For ecmmaian of amtoiluiitm. sat dw. 022-226 

6rawllul,coricaead.undafflooftt»oa,4,dMp   " 
6'deeo 
9* deep 
12* dato 

Alttmata prong method, 4* daap 
6'dato 

26« 

B-10P 600 .020 
B-10U 600 .020 

B-37 

f« fil under eaanor paving, w oraoi 022-308 

0011 
0012 
0020 
0030 
0040 
0100 

iwuuNGtoviMdeffior^matBJithia^ÄiyhaulaB 
_»»nkmeaara.iiolBadintinduded 

6 CY. dump nudt, 1/4 milt round trip, 5.0 loadVnr. 
1/2 mHa round tip, 4.1 loadsnr. 

nos 
•MO 

0150 
0200 
0310 
0320 

1 müe round trip, 3 4loadjmr. 

2 mile round trio, 2.6 ktoihr. 

10400 
8400 
7400 
6,000 

405 
406 

WIT HUT. 

CY. 

SI. 

.007 
DOS 

120 
160 
200 
220 

B-34A 

3 mila round trip, 2.1 kadVhr. 
< ma> round trial JtoVhr. 

0330 
0400 
0450 
0500 
0540 
0550 

0560 
0600 
0700 
1000 
1100 

1110 
1120 
1130 
1150 
1200 
1220 
1240 
1245 
1250 
1255 
1300 

12 tY. dump trudt. 1/4 rrita round trip 3.7 kads/hr. 
1/2 mHa round trip, 3.2 kadtmr. 
imüt round tip 2.7 badvnr. 

2n^wundWp,2^lcMch1ir. 
3 mat round trip, 14 baa**. 
4 mHa round trip, 1.6 badahr. 

5 mile round tip, lload/hr. 
10 mae round trip, 0.75 kad/nr.  

<umie round tito, 04 bad*.  

16-5 C.Y.ftoptraaar,lmaa round trip, 2.6 baaimr. 
torn round tip, 2.1btdvtr. ~ 
3maaroundMrLi»i«^.  

«nw round tnp,UloadHir.  
5muaroundtip.lloadVhr. 

240 
197 

.400 
400 

CY. 

240 
218 

.033 

.041 
160 

125 

B-348 

10 mua round trip, ,75 kadrt». 
20 mfla round trip, JkadnV. 

ZOUY.dun»t«lar,lrnibrflutatnp,lJTBa*hr 
2n«ToroundMo.2btih/hr. 
3 nit round tip, 1.7 loads*. 
4 Ground trip, likatahr. 
5B*itu«Jt1p,Ulo«a7»ir. 

J?J*niidt1p.Älotd*r. 

1400 
1600 
1800 
2000 
2010 
2020 
2030 
2040 
2050 
2060 

20 n* round trip, ^btdjtir. 
HauSrghmed^ traffic add 

100 
85 

356 
308 
260 
210 
180 
150 

.050 

.064 

.080 
094 

.10 

.15 

.25 
35 

7.50 
7i0 
740 
7.50 

CY. 

422 
Ü26 
431 
.038 

98 
49 

B-34C 

8440 

32 
340 
275 
235 
210 
132 

.044 
053 
.082 
.163 
.250 
024 
.029 
434 

100 
66 

Heavy bade, add 

Grao1rfrtoOTftortfflbar*mrt»rea^^ 
Spotter at fill or cut, ireqund 
Off highway haultB 

22 CY. rear or bottom dump, 1000' round trip, 4.5 kads/hr. 
1/2 mae round tip, 44 hads/hr. 
lmüaround tip,34 load**. 
2 mae round trip, 34 broil*. 

34 CY. rear or bottom dump, 1000'round trip, 4 loads/*" 
1/2 mile round trio, 3 4 bads*. 

M08 
lOib 

B-34F 

B-34G 

1. 

400 
320 
270 
240 
172 
136 
96 

1,000 

800 
740 

.038 
061 
m 

.121 
420 
025 
430 
033 
.047 
059 
J083 

.012 
1 

685 
580 

1490 
1435 

.010 
Oil 
412 
414 
407 
408 

Hr. 

CY. 

42 

jJMUÄcans 

WM    I    £00». 

.45 1.31 
.45 

.10 

.11 

.13 

.16 
845 
6 
412 
438 

1.66 

.66 
JO 
.99 

146 
li8 
145 
.44 
il 
il 
75 
48 

145 

lil 
342 
443 
.46 
47 
47 
J5 

1.19 
148 
249 
49 
49 
48 
46 
42 

1.16 
144 

n 
19 

20 
21 
23 
47 
M 
.15 

.01 

.02 

1.13 
45 
48 

.62 

145 
1.65 

2.03 
2.60 

325 
342 
1.12 
149 
143 
140 
241 
246 
447 
8.15 

1245 
1.45 
1.79 
2.10 
245 
174 
444 
740 
L24 
145 
143 
246 
248 
344 
545 

42 

1.17 
146 
146 
141 
1.14 
120 

row, 

1.76 
2.11 

41 
48 
.40 
43 

1648 
144S 
13 
1240 

241 
2.45 

342 
346 
443 
547 
146 
140 
244 
245 
349 
171 
548 

1147 
1748 
141 
246 
177 
340 
443 
642 
949 
143 
244 
241 
2J2 
340 
440 
649 

201 
301 

149 
19 

147 
1.47 
149 
148 
148 
145 

TOOL. 
"tattf 

2.14 
262 

243 

27 
47 
41 
46 

22 
1870 
1640 
1545 

240 
3.04 
3.75 
440 
6 
745 

266 

141 
241 
242 
125 
179 
444 
• 

175 
545 
740 

1145 
147 
246 
242 
348 
447 
540 
840 

201 
3A 

142 

148 
L72 
145 
249 
L48 
145 

SMiraRerorraSttfentertfarranurrte»^^ 
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022] Earthwork 
022 200 1 Excav./Backfln/Compact OUT KAN- 1 »4 UK COSTS TOTAL 

CXEVlOuMTjNOU» WOT MAT.      |    UK* |    EQUV. TOTAt MO.BV 
in m 

4600 
City Not* within ant of influence, namnum 

Maximum 1 

25200 

15.100 

.001 

.002 

Si. .03 

.04 
.03 

.04 

.04 

.07 

234 

sou 
5020 

Excavate and load could«, less thin 0.5 CY. 

0.5 C.Y. to 1CY. 
B-10T 

8-10U 

80 

100 

.150 

.120 

U 3.39 

2.71 

5.45 

9.15 

834 

1135 

1125 

1425 H wou 
MOO 

Excavataand load bfcstad reek, 3 CY. power shovel 

Haul boulders. 25 Ton off-highway dump. 1 mile round trip 
B-12T 

B-34E 

1,530 

330 

J010 

.024 

24 

.48 

.70 

1J1 

M 

229 

1.14 

173 

1*1 

5421) 

5440 
Z mat round trip 

3 mHi round trip 
275 

225 

J029 

.036 

SI 

.70 

2.17 

2.65 

2.74 

325 

327 

4 3 5460 

5600 
4 mat round trip 

Bury bariden on site, less than 0.5 CY., 300 H.P. dozer 
+ 200 .040 1 .79 2.98 3J7 4.49 

562U 

5640 
150'haul 

300'haul 
B-10U 310 

210 

.039 

.057 

CY. n 
129 

321 

4.74 

4X8 

6J03 

4.88 

720 

5820 
0.5 to 1 a., 300 RP. doaU50'haul 

300' haul " 
300 

200 

.040 

.060 " 
30 

1.35 

322 

4.98 

422 

633 

5X5 

7.60 
lit 

™5 

0010 

0020 
UUVAT1NG, BULK BANK MEASURE Common earth piled 

For kadingonto trucks, add 
ROSI 
■MO| 15* 15% 

231 

ousu 
0100 

For mooiüabon and demobiliabon, see division 022-274 

For hauling, see division 022-266 
nosl 
-aso | 

J -0250 
Mcwoe, nyorauiic crawler mtd., 1 CY. cap. - 75 CYJhr. 

1-1/2CY.ap.-100CYJhr. 

B-12A 

B-12B 

600 

800 

.027 

.020 

C r. .62 

.46 

J8 

.85 

1JQ 

121 

1.91 

1.65 6- 
UJbU 

0300 
2CY.ap.-130 CYJhr. 

3CY.ap.-160 CYJhr. 
6-12C 

B-120 

1,040 

1.620 

.015 

XIO 

J6 

23 

30 

129 

126 

1J2 

133 

1.77 i 
UJ1U 

0360 
Wheel mounted, 1/2 CY. an. - 30 CYJhr. 

3/4CY.ap.-45CYJhr. 
B-12E 

B-12F 

240 

360 

X67 

.044 

1.54 

1.03 

123 

120 

187 

223 

3J2 

189 

0550 
Clamshell, 1/2 CY. cap. - 20 CYJhr.          (H53^.     " 

ICY. op.« 35 CYJhr.              Jl $B>S 
B-12G 

B-12H 

160 

280 

.100 

.057 

131 

1.32 

182 

\3\ 
U3 
323 

6*5 

4.12 

1000 

Dragline, 1/2CY.cap. - 30CYJhr.            sCf-^-J!—. - 

Dragline, 3/4 CY.ap.. 35 CYJhr. 
B- 21 240 

280 

.067 

.057 

134 

1.32 

135 

W 

3.49 

199 

439 

336 
1U01 

1050 
3/4CY.ap.-35CYJhr. 

1-1/2 CY. cap.- 65 CYJhr. 
i 

B-l 
r 
2P 

280 

520 

.057 

.031 

1.32 

.71 

1.67 

1.46 

199 

117 

33S 

169 
1100 

1200 
3aY.ap.-112C.YVhr. 

Front end loader, track mtd., 1-1/2 CY. ap, - 70 CYJhr. 
B-12V 

B-10N 

900 

560 

.018 

.021 

.41 

.48 

38 

.62 

U9 
uo 

1.71 

1.44 
12S0 

1300 
2-1/2CY.ap.-95CYJhr. 

3CY.ap.-130CYJhr. 
6-100 

B-10P 

760 

1,040 

.016 

.012 

i6 
26 

.62 

.75 

3i 
1X1 

123 

123 

1500 
5CY.ap.-160 CYJhr. 

Wheel mounted. 3/4 CY. ap. - 45 CYJhr. 
B-10Q 

B-10R 

1.620 

360 

X07 

.033 

.17 

.75 

£1 

£2 

M 
1.37 

1 

134 
1650 

1600 
1-1/2 CY.ap.- SO CYJhr. 

2-1/4 CY.ap.- 100 CYJhr. 
B-10S 

B-10T 

640 

800 

.019 

.015 
.42 

.34 

JO 

J4 

32 

a 
120 

1.12 
1601 

1650 
3 CY.ap.-100 CYJhr. 

5 CY.ap.- 185 CYJhr. 

• 

B-10U 

1,100 

1,480 

DU 
set 

25 

.18 

.40 

£2 

i5 
JO 

22 

36 
1800 

1850 
Hydraulic excavator, truck mtd, 1/2 CY. - 30 CYJhr. 

48 Inch bucket ICY. -45 CYJhr. 
B-12J 

B-12K 

240 

360 

.067 

.044 
134 

1J03 

152 

131 

4X16 

134 

5.15 

4.11 
j/uu 

3750 

Shovel, 1/2 CY. capacity - 55 CYJhr. 

3/4 CY. opacity-85 CYJhr. 
B-12L 

B-12U 

440 

680 

J036 

.024 

34 

M 

1.04 

.78 

1J8 

132 

144 

1.69 
im 
3850 

ICY. opacity-120 CYJhr. 

1-1/2 CY. capacity- 160 CYJhr. 
B-12N 

B-120 

960 

1480 

.017 

.013 
.38 

29 

£3 

.67 

1X1 

36 

128 

1.18 
3900 

4000 
3CY.ap. -250CYJhr. 

For soft soil or sand, deduct 

B-12T 2,000 .008 .18 M J2 

15* 

J7 

15% 
4100 

4200 
For heavy soil or still day, add 

For wet excavation «nth clamshell or dragline, add 
60% 

100% 

60% 

100% 
4250 

4400 
Al other equipment, add 

Clamshell in sheeting or cofferdam, minimum B-12H 160 .100 131 3J3 
5» 
£64 

50% 

720 
4450 

8000 

Maximum 

For hauling excavated material, see div. 022-266 

t 60 267 1 r 6.15 8.90 15X5 1925 

242 0010 

2000 

EXCAVATING, BULK, DOZER Open site 

75 H.P., 50'haul, sand «gravel B-10L 460 .026 C.Y. i9 .59 1.18 1.56 

242 

B-?o 37 



Tl. 

"022 I Earthwork 

-      252 

(ff 

022 200 j Excav^Backfill/Compact 
0150|     i:rua fill. Irom stoaoiie wiih 2-1/2 C.Y. F.E. ioaoer 

Q'701 130 H.P. -CO1 haul 
01901 
»001 
0500 
0600 

•Vith dozer 300 H.P. 300' haul 

*y compaction of emoankment, see oiv. 022-226 

Sravel fill, comoactea. unaer floor siaos. 4* deeo 

5"deeo 

• 

266 

0700 

0800 
9*deeo 

12'deeo 

, OJUITI m j 

CREW lOUTPUTJ HOURS   UNIT 

1S94URE COSTS 
V«. 

8-10PI «0 i .C20 

3-10MI 600 | .020 

6-37 

1000 
1100 

Alternate oncing mewed. 4' deeo 

6'deeo 
1200 

1300 
9'deeo 

22'deeo 
1500 :sr till unoer exterior paving, see division 022-308 

0011 
0012 
0020 

0030 

HAULING Excavated or oorrow matenai. hignway nauiers 

Sank measure, no leading included 

00401 

31001 

6 C.Y. dump truck. 1/4 mile rouno tno, 5.0 toaas/hr. 

17 mile round trip. 4.1 loads/hr. 

naa 
-240 

01501 
0200 i 

1 mile rouno tno. 3.3 !oaas/hr. 

2 mile rouna trio, 2.6 loads/hr. 

0310 
0320 

3 miie rouna tnp, 2.1 loads/hr. 

4mile rouno tno. 1.8 loadvhr. 

0330 

0400 

0450 

'0500 

-^0540 

0550 

0560 
0600 
0700 
1000 

12 CY. dumo truck. 1/4 mile rouna tnp 3.7 loaas/hr. 

1/2 mile rouno trio, 3.2 loads/hr. 

10.000 
8.600 

.005 

.006 
7.200 
6.000 

.007 

.008 

120 
160 

.400 

.300 

LA30R    I    ESUIP.    I     TOTAL 

CY. 451 

Si. 

CY. 

200 

220 

.240 

.218 

S-34AI 240 

: :97 

.033 

.241 
:.i a i .:• 

2: ! ;54 
ICO 
«5 

.050 

.094 

1 mile round tnp 2.7 loads/hr. 

2mHeround trio. 22 loads/hr. 

3 miie rouno trip, 1.9 loads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile rouna trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

20 mile round trip, 0.5 load/hr. 

16.5 CY. dump trailer. 1 mile round trip, 2.6 loads/hr. 

1100 
1110 

2 mile rouno trip, 2.1 loads/hr. 

3 mile round trio, 1.8 loads/hr. 

1120 
1130 

4 mile round trip, 1.6 loads/hr. 

5 mile round trio, 1 load/hr. 

10 mile rouna trip, .75 load/hr. 

20 mile round trip, .5 bad/hr. 

20 CY. dump trailer, 1 miie round trip, 2.5 toads/hr. 

2 mile round trip, 2 loads/hr. 

B-34B 

B-34C 

355 

308 

260 
210 
180 
150 
98 
49 
32 

340 

275 

235 

.022 

.026 

X3 

.35 

.13 

.16 
7.50 

7.50 

8.05 
6 

1.13 
.85 

7.501 
7.501 

4.82 
4.38 

CY. ■sol 

301 • C! 

..'9 I 
:.-33 

.031 

.038 

.044 

.053 

.082 

.163 

.250 

.024 

210 
132 
100 
66 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 toads/hr. 

5 mile round trip, 1.1 load/hr. 

10 mile round trip, .85 bad/hr. 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

Heavy traffic, add 

Grading at dump, or embankment if required, by dozer 

2010 
2020 

Spotter at fill or cut, if required 

Off highway haulers 

22 CY. rear or Bottom dump, 1000' rouno trip, 4.5 loaas/hr. 
1/2 mile round trip, 4.2 loads/hr. 

1 mile round tnp, 3.9 toads/hr. 

2 mile round trip, 3.3 loadsmr. 

34 CY. rear or bottom dump, 1000' round trip, 4 loads/hr. 

1/2 mile round trio. 3.8 loadsmr. 

8-340 

B-10B 
ICtab 

B-34F 

B-34G 

400 

320 

270 

240 

172 
136 
96 

.029 

.034 

.038 

m 

l.:3 
!.35 

iX3 

3.82 

.080 

.121 

.020 

.025 

.030 

.033 

.047 

.059 

.083 

1.000   .012 

I 

800 

740 

685 
580 

1.090 
1.035 

.010 

.011 

.012 

.014 

.007 

.008 

:.!2 
1.29 

.61 

.75 

.88 

1.05 

1.61 
3.22 

1.53 
1.90 
221 
2.66 
4.07 
8.15 

4.93 

.46 

.57 

.67 

12.45 
1.45 
1.79 
2.10 

Hr. 

CY. 

.75 
1.19 

2.35 

3.74 

li8 
2.39 

4.94 

7i0 
29 

.49 

i8 
.66 
.92 

1.16 

1.64 

27 
19 

20 
2\ 
21 
27 

1.24 
li5 
1.83 
2.06 
2.88 
3.64 
5.15 

£2 

1.17 
126 
126 
1.61 
1.14 
1.20 

42 

i.76 
2.11 

21 
28 
.40 

.53 
16.68 

1425 

13 
1253 

2.01 

2.45 

3.02 
3.36 
4.83 
5.67 
126 
1J0 
2.14 
2165 
3.09 
3.71 
5.68 

1127 
1728 

1.91 
226 

2.77 

3.10 
4.93 
6i2 

9J9 

L63 

2X4 

2.41 
272 
320 

420 

6.79 

20% 

30* 

1.09 

19 

127 

1.47 

129 

128 

128 
125 

TOTAL 

2.14 

2.53 

27 

27 

21 
.66 

22 

18.70 

16.60 
!525 

1.91 

221 

262 
325 
3.79 
4.54 

6.95 
13.90 
2120 

221 

225 

324 

3.75 

5.95 

720 
1125 
127 
246 
222 

328 

4.57 
520 

30 

128 
1.72 
125 

2.19 

1.48 

1.55 

See the Reference Section tar reference numoer Marnvin Craw Usft^nJCiV Cost lYtaos 

8-7f 



a ati;*w~bmih.turn*.i,«1«! 

SITE WORK ?*%&■:** A12.1-724      Common Earth Backfill 

The Common Earth Backfilling System 
includes: a Dulldozer to Dlace ana level 
backfill In speeded lifts: comDacnon 
equipment and a water wagon for 
adjusting moisture content 

The Expanded System Listing shows 
Common Earth Backfilling with 
bulldozers ranging from 75 HP. to 
300 HP. The maximum distance ranges 
from 50' to 300'. Lifts for the compaction 
range from 4* to 8*. There is no waste 
included in the assumptions. 

System Components 
QUANTITY 

SYSTEM 12.I-724-1000 

EARTH BACKFILL, 75 HP DOZER I ROLLER. 50' HAUL 4'LIFTS. 2 PASSES 
Backfilling, dozer 75 H.P. 50' haul, common eartn. from stocKoile 
Water wagon, rent oer day 
Compaction, roller. 4" lifts. 2 passes 

Total 

1.000 
.004 
335 

UNIT 

C.Y. 
Hr. 
Hr. 

COST PERCY. 
EQUIP. 

1.23 

LABOR 

.43 

.12 
'..84 

2.39 

a 
o 
30 

TOTAL 

.74 

.39 
2.49 

3.62 

12.1.724 Common Earth Backfill COST PERCY. 

EQUIP. LABOR TOTAL 
1000 

1050 
Earth baddill.75 HP dozer & roller compactors.50' haul.4' lifts.2 passes 

4 passes 
1.23 

1.88 

2.39 

4.23 

3.62 

6.11 
noo 
1150 

8' lifts. 2 passes 

4 passes 
.91 

1.23 

1.50 

2.39 

2.41 

3.62 
1200 

1250 
150'haul. 4'lilts, 2 passes 

4 passes 
1.53 

2.18 

2.82 

4.66 

4.35 

6.84 
1300 

1350 
8' Efts, 2 passes 

4 passes 
1.21 

1.53 

1.93 

2.82 

3.14 

4.35 
1400 

1450 
300' haul. 4' lifts. 2 passes 

4 passes 
1.83 

2.48 

3.23 

5.05 

5.06 

7.53 
1500 

1550 
8' lifts. 2 passes 

4 passes 
1.51 

1.83 

2.34 

3.23 

3.85 

5.06 
1600 

1650 
105 HP dozer & roller compactors. 50' haul. 4' lifts. 2 passes 

4 passes 
1.28 

1.93 

2.30 

4.14 

3.58 

6.07 
1/00 

1750 
8' üfts. 2 passes 

4 passe 
.96 

1.28 

1.41 

2.30 

2.37 

3.58 
1800 

1850 
150' haul, 4' lifts, 2 passes 

4 passes 
1.65 

2J0 

2.65 

4.49 

4.30 

6.79 
1900 

1950 
8'lifts. 2 passes 

4 pases 
1.33 

1.65 

1.76 

2.65 

3.09 

4.30 
2000 

2050 
300' haul, 4' lifts. 2 passes 

4 passes 
1.99 
2.64 

2.97 

4.81 
4.96 

7.45 
2100 

2150 
8' lifts, 2 passes 

4 passes 
1.67 

1.99 

2.08 
2.97 

3.75 
4.96 

2200 

2250 
2C0 HP dozer & roller compactors, 150' haul, 4' lifts, 2 passes 

4 passes 

1.70 

2.31 

1.55 

2.60 

3.25 

4.91 
2300 

2350 
8' lifts. 2 passes 

4passes 

1.40 

1.70 

1.03 

1.55 

2.43 

3.25 
2600 

2650 
300' haul, 4' lifts. 2 passes 

4 passes 

2.11 

2.72 

1.74 

2.79 

3.85 

5.51 
2700 

2750 
8'lifts. 2 passes 

4 passes 

1.81 

2.11 

1.22 

1.74 

3.03 

3.85 

310 See the Reference Section for reference number information. Crew listings and City Cost Indexes 



1)29 | Landscaping 1&|>^:^:,S!;".A^ .^.- r■;,: -:,:. r- -*~^':% -''-.■C-'v'^ J^Mgi:^ -J^J,>-^.  ■ ""'**■ .- > 

029 200 | Soil Preparation i OAtLT 1 MAN- i         1 

CREW I0UTPUTI HOURS | UNIT i 

1394 BME COSTS TOTAL 

waoip - VAT. LABOR E3U». TOTAL 

Ik».      ^ 

1 6C0QIT..* 2 »Dsoii. iO HP tractor, oisx narrow, i' dees 

SKI                 '   "iasD 
3-6Ö 150.0001 .001 

I   j -0.0001 .101 

ir. i 

!       1 
.01 

.02 

204 

■a 
51001                  5'deeo 

51501          "5" rotctiller. 2'dteo 
+   130.0001 .001 

A-l  11.250 1 .006 

.:i 

!         .12 

.:i .12 

.17 

22 

25 
52001                   "deeo 

52501                   5-deeo " 
1.000 1 .038 

750 I .011 " 
.15 

20 

.C6 

.C8 

21 

.28 

J2 

.43 

3 70001 lawn maintenance see Division 029-700 
1 ; i 

5 203 o a 
00101 PLANT BED PREPARATION 

0100 j     Backfill planting pit, by hand, on site topsoil 20ab 18 .889 a 16.90 16.90 2840 

201 

02001               Prepared Planung ma 

03001          Skid steer loader, on site toosoil 
•   !  24 

8-62 j 340 

.667 

.071 

12.65 

1.44 .23 
12.65 

1.72 

2140 

2.70 

04001              Prepared planting mtx   . 

10001     -ovate Planting pit, by hand, sandy soil 

• 

2Cbb 

410 

16 

.059 

1 

1.20 

19 

23 1.43 

19 

124 

32 

U00J               Heavy soil or day 

1200 i          ;/2 CY. backhoe. sandy soil 
'   !   8 

B-11CI 150 

2 

.107 

23 

2J1 1.33 

38 

3.64 

64 

5.25 
13201               Heavy soil or ciay 

20GG 1     " x olaming sen. incl. loam, manure, ceat. oy nano 
•   1 115 | .139 

2Gabi  50  i .257 24 
3.02 

5.05 

•.74 4.76 

29.05 

6J5 

35 
21C0I          :kio steer loaoer 

30001     :t tea. skid steer loaoer 
B-62 1 1:0 1 .150 

•   12.S00 1 .009 
T 

S.Y. 

24 328 

.18 

1 1 

.C-3 

27.92 

.21 

3240 

J3 
3100)          Syhano 

40001     Remove sod. F.E. loader 
2 cum 
B-10S 

400 

2.000 

.040 

.006 

.76 

.14 .16 
.76 

JO 

128 

J9 
4100 

4200 

Sod cutter 

3y hand 
B-12K 

2CUb 

3.200 

240 

.005 

.067 ,J^_ 

.12 

1.27 

26 J8 
121 

.48 

2.13 ^ 
029 300 | Lawns & Grasses 

308 0010 

0100 

SEEDING Athletic field mix, 8#/M.S.F., push spreaoer 

Tractor spreader 
noa 
•310 

A-l 

B-66 

10 

52 

.800 

.154 

if. 11J0 

UJ0 

154) 

3.60 

5J5 

3.51 

32J5 

18.91 

45 

2240 

301 

P 0200 

0400 
Hydro or air seeding, with mulch & fertil. 

Sirdsloot trefoil. .45#/M.S.F.. push spreader 
Ml 

A-l 

80 

10 

.300 

.800 

255) 

13.95 

6J0 

154) 

640 

5.85 

38.70 

35 

46 

4740 
ObOO 

0600 

Tractor spreader 

Hydro or air seeding.with mulch & fertil. 
8« 
Ml 

52 

80 

.154 

JOO 

13.95 

28.50 

3.60 

6J0 

3J1 

6.90 

21X6 

41.70 

25 

4940 
0800 

0900 

Siuegrass, 4#/M.S.F„ common, push spreaoer 

Tractor spreader 
A-l 
846 

10 

52 

.800 

.154 

5.05 

'   5.05 

1120 

3.60 

5J5 

3J1 

26.10 

12.16 

3740 

1120 

""^ 
10001                    Hydro or air seeding, with muicn & lertil. 

11001              Baron, push spreader 
B-81 

A-l 

80 

10 

JOO 

.800 

19.15 

10.60 

6J0 

1541 

6.90 

5J5 

32J5 

31.65 

39 

«340 
12001                  Tractor spreaoer 

13001                    Hydro or air seeding, with mulch 4 lertil 

846 

8-81 

52 

80 

.154 

J00 

10.60 

25.50 

340 

6J0 

3.51 

6.90 

17.71 

38.70 

2140 

46 
1500 

1600 

Caver, 0.67#/M.S.F., white, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

.800 

.154 

240 

2J0 

1120 

3.60 

5J5 

341 

2345 

9.61 

3440 

12.40 
1700 

1800 

Hydro or air seeding, with mulch and fertil. 

Ladino, push spreader 
841 

A-l 

80 

10 

J00 

J00 

16.65 

423 

6J0 

1S20 

6.90 

5JS 

29J5 

2541 

3640 

3640 
1900 

2000 

Tractor spreader 

Hydro or air seeding, with mulch and fertil. 

B-66 

641 

52 

80 

.154 

J00 

423 

1820 

340 

6J0 

341 

6.90 

11J4 

31.40 

14J0 

38 
2200 

2300 

rescue 5.5#/M.S.F., tall, push spreader 

Tractor spreader 
A-l 

846 

10 

52 

JOO 

.154 

7J5 

7J5 

154) 

3.60 

5J5 

3J1 

28.40 

14.46 

40 

17.70 
2400 

2500 

Hydro or air seeding, with mulch and fertilizer 

Chewing, push soreader 
641 

A-l 

80 

10 

J00 

J00 

2240 

8.55 

6J0 

154) 

6.90 

5.85 

3170 

2940 

4240 

4140 
2600 

2700 

Tractor spreaoer 

Hydro or air seeding, with mulch and fertil. 

846 

841 

52 

80 

.154 

J0O 

8i5 

2340 

160 

6J0 

3.51 

6.90 

1166 

36.70 

19.05 

4340 
2900 

3000 

Crown vetcn. 4#/M.S.F„ pusn spreaoer 

Tractor spreader 
A-l 10 

52 

J00 

.154 

3840 

38J0 

154) 

340 

5.85 

3J1 

5945 

45.61 

7440 

52 

3100 

3300 

Hydro or air seeding, with mulch and fertilizer 

aye. 10#/M.S.F., annual, push spreader 

B41 

A-l 

80 

10 

J00 

J00 

53 

4J3 

6J0 

154) 

6.90 

5J5 

664) 

2188 
'6 
37 

1 
3400 

3500 

Tractor spreaoer 

Hvdro or air seeding, with mulch and fertilizer 

646 

B41 

52 

80 

.154 

J00 f 

4J3 

1825 

340 

6J0 

3.51 

6.90 

11.94 

31.45 

14.95 

38 

108 See the Reference Section far reference number Meanem Crew üs^ ana CtyCcdhctaoes 
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022 I Earthwork 

• 

J02 CREW ( 

DAILY 1 MAN- i 
i 

< 994 BARE COSTS TOTAL 

WttOlP z 2uu | Bxcav^Daciaiii/uompacu UTPUTl HOURS    UNIT |      VAT.      :    LABOR    I E5UIP.   1 TOTAL 

.34 4500 

4600 

City block within zone of influence, minimum 

Maximum 

A-8 
• 

25200 

.5.100 

.001     S.F 

.002      ' 

. j                i         .03 
1           :       .:-4 

.03 

.04 

.04 ; 

.07 

J4 

5000 

5020 

Excavate and load boulders, less than 0.5 C.Y. 

0.5 C.Y. tola. 

B-10T 

B-10U 

SO 

100 

.150    CH 

.120 

. 1                i        :.39 

I        2.71 
5.45 

5.15 

3.34 

11.86 

1125 

'.425 

* 
5200 

5400 

Excavate and load blasted rock. 3 CY. power shovel 

Haul boulders, 25 Ton off-highway dump, 1 mile round trip 

B-12T 

B-34E 

1.530 

330 

.010 

.024 

.24 

.48 

.70 

1.81 

.94 

229 

1.14 

2.73 

5420 

5440 

2 mile round trip 

3 mile round trip 

275 

225 

.029 

.036 

.57 

.70 

2.17 

2.65 

2.74 

335 

327 

4 

ff 

i 
iü 

5460 

5600 

4 mile round trip 

Bury boulders on sue, less than 0.5 C.Y., 300 H.P. dozer 
T 200 .040     , .79 2.98 3.77 4.49 

5620 

5640 

150' haul 

300' haul 

B-10M 310 

210 

.039    CY. 

.057 

a 
1.29 

321 

4.74 

4.08 

6.03 

4.88 

720 

5800 

5820 

0.5 to 1 C.Y.. 300 H.P. doar, 150' haul 

300' haul v 

300 

200 

.040 

.060     T 

.90 

1.35 

322 

4 98 

422 

623 

5X5 

7.60 

238 0010 

0020 

EXCAVATING. BULK BANK MEASURE Common earth piled 

For loading onto trucks, add 

R0Z2 
•240 

i 

1 
1 

1 
I 15% 15% 

238 

0050 

0100 

For mooilization and demobilization, see Division 022-274 

For hauling, see division 022-266 
R022 
•2S0 

|          | I ! 
i 

0200 

0250 

Sackhoe, nydraulic, crawler mtd., 1 CY. can. ■ 75 CiJbt. 

1-1/2 CY.cao. • lOOCYVhr. 

3-12AI 600 

B-12BI 800 

.C27    CY. 1                |         .62 

.020      !   i                I-« 
S3 

.55 

:.50 

1.31 

1.91 

1.65 

0260 

0300 

2CY.cap. - 130 C.YJhr. 

3C.Y.cap. - 160 C.YJhr. 

B-12C 

B-120 

1.040 | .015 

1.620   .010 

36 

.23 1.29 

126 

1.52 

1.53 

1.77 

0310 

0360 

Wheel mounted, 1/2 CY. cap. - 30 CYVhr. 

3/4 CY. cap. -45C.YAr. 

6-12E 

8-12F 

240 

360 

.067 

.044 

1.54 

1.03 

i.33 

120 

2.87 

223 

322 

229 
A 

0500 

0550 

Clamshell, 1/2 CY. cap. - 20 CYAr.          ('^^^W, 

1 CY. cap. - 35 CYJhr.              -\_—JP^*- 
B-12G 

B-12H 

160 

280 

.100 

.057 

2.31 

U2 
2.82 

1.91 

5.13 

323 

6.65 

4.12 

0950 

1000 

Dragline, 1/2 CY. cap. - 30 UM            sör"",if3=rT 

Dragline, 3/4 CY. cap. -35 CYJhr. 

B-121 240 

280 

.067 

.057 

1.54 

U2 

1.95 

1.67 

3.49 

259 

4.50 

3.86 

1001 

1050 

3/4CY.cap.-35C.Y7hr. 

M/2CY.eap.-65CYAr. B-12P 

280 

520 

.057 

.031 

U2 

.71 

1.67 

1.46 

2.99 

2.17 

326 

2.69 

1100 

1200 

3CY.cap.-112CYJhr. 

Front end loader, track mtd., 1-1/2 CY. cap. • 70 UM. 

B-12V 

B-10N 

900 

560 

.018 

.021 

.41 

.48 

.98 

.62 

129 

1.10 

1.71 

1.44 V 

1250 

1300 

2-1/2 CY. cap. -95CYVhr. 

3CY.cap. - 130 CYThr. 

fl-1001 760 

B-10P11.040 

.016 

.012 

36 

26 

.62 

.75 

.98 

1.01 

123 

123 

1350 

1500 

5CY.cap.-160CY7hr. 

Wheel mounted, 3/4 CY. cap. - 45 CYJhr. 

B-10Q 

B-10R 

1,620 

360 

.007 

.033 

.17 

.75 

.67 

.62 

24 

127 

1 

1.84 1-oX 

1550 

1600 

1-1/2 CY. cap. »80 UM. 

2-1/4 CY. cap. -lOOCYJhr. 

B-10S 

B-10T 

640 

800 

.019 

.015 

.42 

24 

.50 

.54 

.92 

.88 

120 

1.12 ~~ 
1601 

1650 

3CY.cap.-lOOCYJhr. 

5CY.cap.-185C.YJhr. 

• 

B-10U 

1,100 

1.480 

.011 

.008 

25 

.18 

.40 

.62 

.65 

20 

22 

.96 

1800 

1850 

Hydraulic excavator, truck mtd, 1/2 CY. - 30 CYJhr. 

48 inch bucket. ICY.-45 CYJhr. 

B-12J 

B-12K 

240 

360 

.067 

.044 

1.54 

1.03 

2.52 

231 

4.06 

324 

5.15 

4.11 

37» 

3750 

Shovel. 1/2 CY. capacity - 55 CYJhr. 

3/4 CY. capacity-85 CY Ar. 

B-12L 

B-12M 

440 

680 

.036 

.024 

£4 

.54 

1.04 

.78 

128 

122 

2.44 

1.69 

3800 

3850 

ICY. capacity-120 CYJhr. 

1-1/2 CY. capacity-160 CYJhr. 

B-12N 

B-120 

960 

1.230 

.017 

.013 

28 

29 

.63 

.67 

1.01 

.96 

128 

1.18 

3900 

4000 

3CY.eap.-250CY.mr. 

For soft soil or sand, deduct 

B-12T 2.000 .008 .18 .54 .72 

15% 

27 

15% 

4100 

4200 

For heavy soil or stiff day, add 

For wet excavation with clamshell or dragline, add 

60% 

100% 

60% 

100% 

4250 

4400 

All other equipment, add 

Clamshell in sheeting or cofferdam, minimum B-12H 160 .100 2.31 333 
50% 

5.64 

50% 

720 

4450 

8OO0 

Maximum 

For hauling excavated material, see div. 022-266 

• 60 267 T 6.15 8.9C 15.0J 1925 

242 001C 

200C 

EXCAVATING. BULK, DOZER Open site 

75 H.P., 50' haul, sand & gravel 8-101 460 1 .026 CY. ;< I          .:< 1.11 )            1.5E 

242 

B-?f 37 



022 I Earthwork 
022200 | Excav./BackfiH/Compact 

-    in 

TRIM 
(A 

o 
30 

01501     t:reao fill, from stockpile with 2-1/2 C.Y. F.L leader 

OHOi 130 H.P. 300'haul 

ÖlSÖj ,'flih dwer 300 H.P. 300' haul 

0*001     -:r cemoaclion of embankment, we orv. 022-226 

Z56 

0500 

:«oo 
Gravel fill, compacted, unaer floor slabs. 4" deeo 

6"deeo 
0700 
0800 

9'deep 

12'deep 
1000 
1100 

Alternate pricing metnod, 4' deep 

6' deo 

{ DULY | MAN- 

carwioirrpurl HOURS 

I 
3-IOP I SCO I .020 

3-1CM | 600 I .C20 

8-37 10.000 
8.600 

.005 

.006 

1200 
1300 
1500 

9'deep 
12"deeo 

F:r fill under exterior paving, see oivision 022-308 

0011 
0012 
0020 

0030 

HAULING Excavated or borrow material, highway haulers 

bank measure, no loading included 

00401 

0100 j 

6 C.Y. dump truck, 1/4 mile round trip, 5.0 loads/hr. 

1/2 mile round trip, 4.1 loadvhr. 

R022 
•240 

0150 
0200 

1 mile round trip, 3.2 loaavhr. 

2 mile round trio, 2.6 loadsfir. 

0310 
0320 
0330 

0400 

.0450 

►10500 

0540 

0550 

0560 
0600 

3 mile rouno trip, 2.1 loads/hr. 

4 mile round trip, 1.8 loads/hr. 

7.200 

6.000 

120 
160 
200 

220 

.007 

.008 

.400 

.300 

J5S4IWE COSTS 

UNIT VAT. U30R    I    EQUIP.    I     TOT«. 

S.F. .10 
.11 

.240 

.218 

I-34A 240 
157 

.033 

.041 

12 C.Y. dump truck, 1/4 mile round tno 3.7 loads/hr. 

1/2 mile round trip, 3.2 loads/hr. 

1 mile round trip 2.7 loads/hr. 

2 mile round trip, 2.2 loads/hr. 

3 mile round trip, 1.9 loads/hr. 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, 0.75 load/hr. 

0700 

1000 

20 mile round trip, 0.5 load/hr. 

16.5 C.Y. dump trailer, 1 mile round trip, 2.6 loads/hr. 

1:0 
I  !2 

.050 

.CS4 

C.Y. 

.25 

.35 

7.50 j 

7.501 

3.05 
6 

1.13 
.65 

7.501 
7.501 

4.82 

4.38 

C.v. 

! 100 

!  35 

.030 

.094 
B-34BI 356 

308 

UOO 
1110 

2 mile round trip, 2.1 loads/hr. 

3 mile round trip, 1.8 loads/hr. 

1120 
1130 
1150 

1200 

1220 
1240 
1245 
1250 
1255 
1300 

4 mile round trip, 1.6 loads/hr. 

5 mile round trip, 1 load/hr. 

10 mile round trip, .75 load/hr. 

20 mile round trip, .5 load/hr. 

20 C.Y. dump trailer, 1 mile round trip, 2.5 badsmr. 

2 mile round trip, 2 loads/hr. 

3 mile round trip, 1.7 loads/hr. 

4 mile round trip, 1.5 loads/hr. 

B-34C 

260 
210 
180 
150 

.022 

.026 

.031 

.038 

.044 

.053 

32 

340 

275 

235 

B-34D 

5 mile round trip, 1.1 load/hr. 

10 mile round trip, .85 load/hr. 

1400 
1600 
1800 
2000 

20 mile round trip, .6 load/hr. 

Hauling in medium traffic, add 

Heavy traffic, add 

Grading at dump, or embankment if required, by dozer 

Spotter at fill or cut, if required 

Off highway haulers 

2010 
2020 
2030 

2040 

2050 
2060 

22 C.Y. rear or bottom dump, 1000' round trip, 4.5 loads/hr. 

1/2 mile round trip, 4.2 loadsmr. 

1 mile round trip, 3.9 loads/hr. 

2 mile round trip, 3.3 loads/hr. 

34 CY. rear or bottom dump. 1000' round trip, 4 loadsmr. 

1/2 mile round trip, 3.8 loads/hr. 

210 
132 
100 
66 

.082 

.163 

.250 

.024 

.029 

.034 

.038 
061 

400 

320 

270 

240 

B-10B 
lClab 

B-34F 

B-34G 

1_ 

172 
136 
96 

1.000 

.080 

.121 

.020 

.025 

.030 

.033 

.047 

.059 

.083 

.012 

800 

740 

685 
580 

1.090 
1.035 

1 

.010 

.011 

.012 

.014 

Hr. 

CY. 

.007 

.008 

42 

.»I 

.301 

:i5l 
2.3| 
:.£0l 

i.58 
1.35 3.S2 
.44 

.51 
1.12 
-.29 

.38 
1.05 
1.61 
3.22 

1.53 
1.90 
2.21 
2.66 
4.07 
8.15 

4.93 
.46 

.75 
1.19 
1.58 

2.39 

J9 

.49 

.58 

.66 

12.45 
1.45 

i.79 
2.10 
2.35 

3.74 

4.94 

7.50 
1.24 

1.55 

.92 
1.16 
1.64 

21 

20 
2] 

21 
.27 
.14 
.15 

1.83 
2.06 
2.88 

3.64 

5.15 

32 

1.17 
1.26 
1.36 
1.61 
1.14 
:.2o 

i./O 

2.11 

.40 

.53 

16.68 
14.35 
13 
12.50 

2.01 

2.45 
3.02 

3.36 

4.83 
5.67 
1.56 

1.80 

2.14 
2.65 
3.09 

3.71 

5.68 
11.37 
17.38 

1.91 
2.36 
2.77 

3.10 
4.93 
6.52 

9.89 

1.63 
2.04 
2.41 
2.72 
3.80 
4.80 
6.79 

20% 
30% 

1.09 
19 

1.37 
1.47 

1.59 

1J8 

1.28 
1J5 

TOTAL 
INClOtf 

-.53 

.51 

.66 
22 
13.70 
16.60 
15.85 

2.50 

3.04 

J.i'5 

4 80 

0 

r.05 

26 

1.91 
2.21 

2.62 
3.25 
3.79 
4.54 
6.95 

13.90 
21.50 
2.31 
2.85 

3.34 

3.75 

5.95 

7.90 
11.95 

1.97 
2.46 
2.92 
3.28 
4.57 

5.80 

8.20 

20% 

30% 
1.32 

30 

"TÜ8 
1.72 

1.85 
2.19 
1.48 
1.55 

See the Reference Section fa reference number Wcnnaiicfl. Crew Lclinp and CtyCosllnctaeB 

l3-~?6> 



--•'——-■      -- ^-—- « -■•" 1 

SITE WORK A12.1 -724      Common Earth Backfill 

The Common Earth Backfilling System 
includes: a bulldozer to place and level 
backfill in specified lifts; compaction 
equipment; and a water wagon for 
adjusting moisture content 

The Expanded System Listing shows 
Common Earth Backfilling with 
bulldozers ranging from 75 H.P. to 
300 HP. The maximum distance ranges 
from 50' to 300'. Lifts for the compaction 
range from 4" to 8'. There is no waste 
included in the assumptions. 

System Components 
SYSTEM 12.1.724-1000 
EARTH BACKFILL 75 HP DOZER I ROLLER. 50' HAUL, 4'LIFTS, 2 PASSES 

Backfilling, dozer 75 H.P. 50" haul, common earth, from stockoile 
Water wagon, rent per day 
Compaction, roller, 4' lifts. 2 :asses 

Total 

QUANTITY 

2.000 
.004 
.035 

UNIT 

C.Y. 
Hr. 
Hr. 

COST PERCY. 
EQUIP. 

1.23 

LABOR 

43 
.12 

1.84 

2.39 

(A 

a 

TOTAL 

.74 

.39 
2.49 

3.62 

12.1-724 Common Earth Backfill COST PERCY. 

EQUIP. LABOR TOTAL 
lOOO 

1050 
Earth bacxfill.75 HP dozer & roller compactors.50' haul,4* lifts,2 passes 

4 passes 
1.23 

1.88 

2.39 

4.23 

3.62 

6.11 
lioo 
H50 

8' lifts, 2 passes 

4 passes 
.91 

1.23 

1.50 

2.39 

2.41 

3.62 
1200 

1250 
150' haul, 4* lifts. 2 passes 

4 passes 
1.53 

2.18 

2.82 

4.66 

4.35 

6.84 
1300 

1350 
8' lifts, 2 passes 

4 passes 
1.21 

1.53 

1.93 

2.82 

3.14 

4.35 
1400 

1450 
300' haul. 4' lifts, 2 passes 

4 passes 
1.B3 

2.48 

3.23 

5.05 

5.06 

7.53 
1500 

1550 
8' lifts, 2 passes 

4 passes 
1.51 

1.83 

2.34 

3.23 

3.85 

5.06 
1600 

1650 
105 HP dozer & roller compactors, 50' haul, 4' lifts, 2 passes 

4 passes 
1.28 

1.93 

2.30 
4.14 

3.58 

6.07 
1700 

1750 
8' lifts, 2 passes 

4passes 
.96 

1.28 

1.41 

2.30 

2.37 

3.58 
1800 

1850 
150' haul, 4' lifts, 2 passes 

4 passes 
1.65 

2.30 

2.65 

4.49 

4.30 

6.79 
1900 

1950 
8' lifts, 2 passes 

4 passes 
1.33 

1.65 

1.76 

2.65 

3.09 

4.30 
2000 

2050 
300' haul, 4' lifts, 2 passes 

4 passes 
1.99 

2.64 

2.97 

4.81 

4.96 

7.45 
2100 

2150 
8' lifts, 2 passes 

4 passes 
1.67 

1.99 

2.08 

2.97 
3.75 

4.96 
2200 

2250 
200 HP dozer & roller compactors, 150' haul, 4' lifts, 2 passes 

4 passes 
1.70 

2.31 

1.55 

2.60 

3.25 
4.91 

2300 

2350 
8' lifts, 2 passes 

4 passes 
1.40 

1.70 

1.03 
1.55 

2.43 

3.25 
2600 

2650 
300' haul, 4' lifts, 2 passes 

4 passes 
2.11 

2.72 

1.74 

2.79 

3.85 

5.51 
2700 

2750 
8'lifts, 2 passes 

4 passes 
1.81 

2.11 

1.22 

1.74 
3.03 

3.85 

310 
B-77 

See the Reference Section for reference number information, Dew Listings and City Cost Indexes 
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SITE WORK A12.1-416 Excavate Clay 

The Excavation of Clay System balances 
the productivity of excavating equipment 
to hauling equipment It Is assumed that 
the haufing equipment vvia encounter 

.Bght traffic and vvffl move up no 
considerable grades on the haul route. 
No mobilization cost is Included. All costs 
given in these systems include a swell 
factorof40%. 

The Expanded System Listing shews 
Excavation systems using backhoes 
ranging from 1/2 Cubic Yard capacity to 
1-1/2 Cubic Yards. Power shovels 
indicated range from 1/2 Cubic Yard to 
3 Cubic Yards. Truck capacities range 
from 6 Cubic Yards to 20 Cubic Yards. 
Each system Ests the number of trucks 
Involved and the distance (round trip) that 
each must travel 

System Components 
SYSTEM 12.1-416-1000 

EXCAVATE CUY, 1/2 SFF3CY BACKHOE, TWO 6 a DUMP TRUCKS.2 Ml ROUND TRIP 
Excavating bulk hyd. backhoe, wheel mtd. 1/2 C.Y. 
Haul earth, 6 CY. dump buck, 2 mile round trip, 2.6 bads/hr 
Spotter at earth fill dump or in cut 

Total 

33 

QUANTITY 

1.000 
1.000 
.020 

UNIT 

CY. 
CY. 
Hr. 

12.1-416 

1000 
1200 
1400 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 

Excavate Clay 
Excavate day, 1/2C.Y. backhoe, two 6C.Y. dump tracks, 2miie round trip 

Three 6 CV. dump tracks, 4 mDe round trip 
-Two 12 CY. dump tracks, 4 mile round trip 

3/4 CY. backhoe, three 6 CY. dump tracks. 2 mile round trip 
. Five 6 CY. dump trucks, 4 mile round trip 

Two 12 CY.dump tracks. 2 mile round trip 
Three 12 CY. dump tracks, 4 mile round trip 

1-1/2 C.Y. backhoe, tight 6 CY. dump tracks, 3 mile round trip 
Three 12 CY. dump tracks, 1 mile round trip 
Six 12 CY. dump tracks, 4 mile round trip 

2600 
2800 
2900 
3000 
3100 
3200 
3400 
3500 
3600 
3800. 
4000 
4100 
4200 
4400 
4600 
4700 
4800 
4900 
5000 
5200 
5400 
5500 

Three 16 CY. dump trailers, 2 mile round trip 
Four 16 CY. dump trailers, 4 mile round trip 
Two 20 CY. dump trailers, 1 mile round trip 

2-1/2 CY. backhoe. tight 12 CY. dump tracks, 3 mile round trip 
Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 
Four 20 CY. dump trailers, 2 mile round trip 
Six 20 CY. dump trailers, 4 mile round trip 

3-1/2 CY. backhoe, ten 12 CY. dump tracks, 2 mile round trip 
 Six 16 CY. dump trailers, 1 mile round trip 

Ten 16 CY. dump bailers, 4 mile round trip 
Eight 20 CY. dump bailers, 3 mile round trip 

1/2 CY. pwr. shovel, three 6 CY. dump trucks, 1 milt round trip 
Six 6 CY. dump bucks, 4 mile round trip 
Two 12 CY.dump bucks, 1 mile round trip 
Three 12 CY. dump bucks, 3 milt round trip 

3/4 CY. pwr. shovel, six 6 CY.dump bucks, 2 milt round trip 
 Nine 6 CY. dump tracks. 4 mile round trip 

Three 12 CY.dump tracks, 1 milt round trip 
four 12 CY.dump tracks. 3 mile round trip 
Two 16 CY. dump bailers, 1 milt round trip 
Three 16 CY. dump bailers, 3 mile round trip 

1-1/2 CY. pwr. shovel six 12 CY.dump bucks, 2 mile round trip 
Four 16 CY.dump trailers. 1 mile round trip 

302 

COST PERCY. 
EQUIP. 

1.31 
4 

5.31 

LABOR        TOTAL 

2.12 
2.72 

.69 

5.53 

COST PERCY. 
EQUIP. 

5.30 
7.15 
5.15 
5.20 
6.90 
3.98 
5.05 
5.80 
3.18 
4.78 
3.52 
4.38 
2.69 
3.99 
2.64 
3.81 

LABOR 
5.55 
6.70 
4.54 
4.58 
5.60 
3.26 
3.77 
4.20 
2.12 
3.15 
2.01 
2.40 
1.66 
2.44 

196 
3.76 
4.06 
3.40 
4.76 
3.93 
2.87 
6.65 
3.12 
4.13 
4.64 
6.50 
2.99 
4.08 
2.94 
3.91 
3.52 
2.78 

1.44 
2 
1.62 
1.97 
2.05 
1.43 
2.05 
1.68 
2.61 
5.50 
2.47 
2.98 
3.79 
5 
2.11 
2.77 
1.91 
2.33 
124 
1.43 

3.43 
6.72 

.69 

10.84 

TOTAL 
10.85 
13.85 
9.69 
9.78 

1150 
7.24 
8.82 

10 
5.30 
7.93 
5.53 
6.78 
4.35 
6.43 
4.28 
5.81 
4.58 
5.73 
6.11 
4.83 
6.81 
5.61 
5.48 

12.15 
5£9 
7.11 
8.43 

11J0 
5.10 
6.85 
4.85 
6.24 
5.76 
4.21 

SM the Rtftrine« Section for reference number Hwma^ Crtw Ustinov and City Cost 
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SITE WORK IA12.1-726 Clay Backfill 

The Clay Backfilling System Includes: a 
buBdazer to place and level baddil In 
specified Efts; compaction equipment; 
and a water wagon tor adjusting moisture 

The Expanded System Listing shows 
day BackfiEng wtth buSdozera ranging 
from 75 HP. to 300 H.P. The rnaxhun 
distance ranges from 50' to 300*. Ufts far 
the compaction range from 4" to 8*. 
There is no waste included In the 
assumptions. 

System Components 
QUANTITY UNIT 

COST PER ex 
EQUIP.        LABOR TOTAL 

SYSTEM 12.1-726-1000 
CLAY BACKFILL, 75 HP DOZER I TAMPER, 50' HAUL, 6TJFTS, 2 PASSES 

Backfilling, dew 75 H.P. 50' haul, day from stockpile 
Water wagon rent per day 
Compaction, tamper, 4' lifts, 2 passes 

1.000 
.004 

1.000 

C.Y. 
Hr. 

C.Y. 

35 
.27 
.16 

.84 

.39 

.78 

Total .78 1.23 2.01 

(A 

§ 

12.1-726 Clay Backfill COST PERCY. 

EQUIP. LABOR TOTAL 
1000 
1050 

Clay backfill, 75 HP door & tamper compactors, 50'haul,4Tifts, 2 passes 
4 passes 

.78 

.95 
1.23 
1.84 

2.01 
2.79 

1100 
1150 

8'lifts, 2 passes 
4 passes 

.70 

.78 
.92 

1.23 
1.62 
2.01 

1200 
1250 

150' haul, 4* lifts, 2 passes 
4 passes 

1.13 
1.30 

1.73 
2.34 

2.86 
3.64 

1300 
1350 

8'lifts, 2 passes 
4 passes 

1.05 
1.13 

1.42 
1.73 

2.47 
2.86 

1400 
1450 

300' haul, 4' lifts, 2 passes 
4 passes 

1.46 
1.63 

2.19 
2.80 

3.65 
4.43 

1500 
1550 

8* lifts, passes 
Passes 

U8 
1.46 

1.88 
2.19 

3.26 
3.65 

1600 
1650 

105 HP co» & tamper compactors, 50' haul, 4' lifts, 2 passes 
4 passes 

.83 
1 

1.12 
1.73 

1.95 
2.73 

1700 
1750 

8' lifts, 2 passes 
4 passes 

.75 

.83 
.81 

1.12 
1.56 
1.95 

1800 
1850 

150'haul, 4'lifts, 2 passes 
4 passes 

1.24 
1.41 

1.50 
2.11 

2.74 
3.52 

1900 
1950 

8* Sits, 2 passes 
4 passes 

1.16 
1.24 

1.19 
1.50 

2J5 
2.74 

2000 
2050 

300'haul, 4'lifts, 2 passes 
4 passes 

1.63 
1.80 

1.87 
2.48 

3.50 
4.28 

2100 
2150 

8* lifts, 2 passes 
4 passes 

1.55 
1.63 

1.56 
1.87 

3.11 
3.50 

2200 
2250 

200 HP dozer & sheepsfoot compactors, 150' haul, 5' lifts, 2 passes 
4 passes 

1.41 
1.64 

.71 

.87 
2.12 
151 

2300 
2350 

8' lifts, 2 passes 
4 passes 

1.30 
1.41 

.63 

.71 
1.93 
2.12 

2600 
2650 

300'haul, 4'lifts, 2 passes 
4 passes 

'      1.86 
2.09 

.92 
1.08 

2.78 
3.17 

2700 
2750 

8'lifts, 2 passes 
4 passes 

1.75 
1.86 

.84 

.92 
2^9 
2.78 

312 S^tr»R»ftrwK«SacUonferref»rtr»rijrnb» 
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SITE WORK A12.1-416 Excavate Clay 

The Excavation of Ctay System balances 
the productivity of excavating equipment 
to hauling equipment. It is assumed that 
the haufing equipment wifl encounter 
Bght traffic and will move up no 
considerable grades on the haul route. 
No mobilization cost is Included. AI costs 
given In these systems include a swell 
factor of 40%. 

The Expanded System Listing shows 
Excavation systems using backhoes 
ranging from \I2 Cubic Yard capacity to 
1-1/2 Cubic Yards. Power shovels 
Indicated range from 1ffi Cubic Yard to 
3 Cubic Yards. Truck capacities range 
from 6 Cubic Yards to 20 Cubic Yards. 
Each system ists the number of trucks 
Involved and the distance (round trip) 1hat 
each must travel 

System Components 
QUANTITY UNIT 

COST PERCY. 
EQUIP. LABOR        TOTAL 

SYSTEM 12.1-416-1000 
EXCAVATE CLAY, 1/2 SFF3CY BACKHOE, TWO 6 CY DUMP TRUCKS.2 Ml ROUND TRIP 

Excavating bulk hyd. backte, wheel mtd. 1/2 CY. 
Haul earth, 6 CY. dump truck, 2 mile round trip, 2.6 bads/hr 
Spotter at earth fill dump or in cut 

1.000 
1.000 
.020 

CY. 
CY. 
Hr. 

1.31 
4 

2.12 
2.72 

.69 

Total 5.31 5.53 

A 
§ 

3.43 
6.72 

.69 

10.84 

12.1-416 Excavate Clay COST PERCY. 
EQUIP. LABOR TOTAL 

1000 
1200 

Excavate day, 1/2CY. backhoe, two 6CY. dump trucks, 2mile round trip 
Three 6 CY. dump buds, 4 mile round trip 

5.30 
7.15 

5.55 
6.70 

10.B5 
13.85 

1400 
1600 

Two 12 CY. dump bucks, 4 mile round trip 
3/4 CY. backhoe, three 6 CY. dump tracks, 2 mile round trip 

5.15 
5.20 

4.54 
4.58 

9.69 
9.78 

1700 
1800 

Five 6 CY. dump bucks, 4 mile round trip 
Two 12 CY. dump bucks, 2 mile round trip 

6.90 
3.98 

5.60 
3.26 

12.50 
7.24 

1900 
2000 

Three 12 CY. dump bucks, 4 mile round trip 
1-1/2 CY. backhoe, eight 6 CY. dump bucks, 3 mile round trip 

5.05 
5.80 

3.77 
4.20 

8.82 
10 

2100 
2200 

Three 12 CY. dump bucks, 1 mile round trip 
Six 12 CY. dump bucks, 4 mile round trip 

3.18 
4.78 

2.12 
3.15 

5.30 
7.93 

2300 
2400 

Three 16 CY. dump bailers, 2 mile round trip 
Four 16 CY. dump trailers, 4 mile round trip 

3.52 
4.38 

2.01 
2.40 

5.53 
6.78 

2600 
2800 

Two 20 CY. dump bailers, 1 mile round trip 
2-1/2 CY. backhoe, eight 12 CY. dump bucks, 3 mile round trip 

2.69 
3.99 

1.66 
2.44 

4.35 
6.43 

2900 
3000 

Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump bailers, 3 mile round trip 

2.84 
3.81 

1.44 
2 

4.28 
5.81 

3100 
3200 

Four 20 CY. dump bailers, 2 mile round trip 
Six 20 CY. dump bailers, 4 mile round trip 

2.96 
3.76 

1.62 
1.97 

4.58 
5.73 

3400 
3500 

3-1/2 CY. backhoe, ten 12 CY. dump bucks, 2 mile round trip 
Six 16 CY. dump trailers, 1 mile round trip 

4.06 
3.40 

2.05 
1.43 

6.11 
4.83 

3600 
3800 

Ten 16 CY. dump bailers, 4 mile round trip 
Eight 20 CY. dump baiters, 3 mile round trip 

4.76 
3.93 

2.05 
1.68 

6.81 
5.61 

4000 
4100 

1/2 CY. pwr. shovel, three 6 CY. dump bucks, 1 mile round trip 
Six 6 CY. dump bucks, 4 mile round trip 

2.87 
6.65 

2.61 
5.50 

5.48 
12.15 

4200 
4400 

Two 12 CY. dump bucks, 1 mile round trip 
Three 12 CY. dump bucks, 3 mile round trip 

3.12 
4.13 

2.47 
2.98 

5.59 
7.11 

4600 
4700 

3/4 CY. pwr. shovel, six 6 CY. dump bucks, 2 mile round trip 
Nine 6 CY. dump buds, 4 mile round trip 

4.64 
6.50 

3.79 
5 

8.43 
11.50 

4800 
4900 

Three 12 CY. dump bucks, 1 mil« round trip 
Four 12 CY. dump bucks, 3 mile round trip 

2.99 
4.08 

2.11 
2.77 

5.10 
6.85 

5000 
5200 

Two 16 CY. dump trailers, 1 mile round trip 
Three 16 CY. dump trailers, 3 mile round trip 

2.94 
3.91 

1.91 
2.33 

4.85 
6.24 

5400 
5500 

1-1/2 CY. pwr. shovel, six 12 CY. dump bucks, 2 mile round trip 
Four 16 CY. dump bailers, 1 mile round trip 

3.52 
2.78 

2J4 
1.43 

5.76 
4.21 

302 SHtheRtf»rtnwS«tfOflfare1if«r»numto 
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SITE WORK SA12.1-726- Clay Backfill 

The Clay Backttng System Inductee a 
buktaar to piaca and level bectfl h 
specüed His; ccmpacdcn equipment 
afxJawatervmgonfarac|LBflngfnoaura 
contanL 

The Expand«! System Listing shows 
Cfy Backtab utthbuUcetsfsrarigtig 
*om 75 HP. to 300 HP. The matfnum 
distance ranges ton 50* to XV. Uta tor 
the compaction range »on 4" to r. 
There la re vasts hduded In toe 
assumptions. 

System Components 
ST5TIM 12.1.726-1000 
CUY BACKFILL, n HP DOZER I TAMPER, SO* HAUL, 6-UFTS, 2 PASSES 

BaddMng, dear 75 RP. 50' haul, day ton stockpUa 
Water wagon rent per day 
Compaq tamper, 4* His. 2 passes 

WIBJ   »C 

75 HP dear & tone* compactors, 50'haut,4"lifts, 2 passes 
4pesses  

8'lifts, 2 passes 
4 passes 

"iM* haul, 4* lifts, 2 passes' 
4 pases 

6* Gits, 2 passes 
4ptSS8S 

Jiff haul, 4' Efts, 2 passes" 
4t 

  Passes  
105 HP dear I tamper compeeton, 50* haul, 4' lifts, 2 passes 

4 passe»  

Total 

QUANTITY 

1.000 
.004 

1.000 

UNIT 

C.Y. 
Hr. 
a. 

Clay Backfill 

1501 haul, 4'lifts, 2 passes 
4  

300'haul, 4'lifts, 2 passes' 
4 

4 passes  

JtepsWearnpaoors, 150' haul, 5' its, 2 passes' 
4 passes 

312 
See the Reference Section far referent» number 

COST PERCY. 
EQUIP.       LABOR       TOTAL 

.35 

.27 

.16 

.78 

.49 

.12 

.62 

1.23 

44 
49 
.78 

241 

EQUIP. 
COST PER C.Y. 

.78 

.95 

.70 

.78 

LABOR 
1.23 
144 

1.13 
140 
1.05 
1.13 
1.46 
1.63 
148 
1.46 
43 

1 
.75 
.83 

1.24 
1.41 
1.16 
LM 
1.63 
1.80 
145 
1.63 
1.41 
1.64 
1.30 
1.41 
146 
2.09 
1.75 
1.86 

.92 
123 

"DJ 
244 
1.42 
1.73 
2J9 
240 

TOTAL 

148 
2.19 
1J2 
1.73 
41 

1.12 
"T3Ö 

2.11 
U9 
140 
147 
2.48 
146 
147 
.71 
47 
.63 
.71 
42 

1.08 
44 
.92 

241 
2.79 
142 
241 
246 
344 
147 
246 
3.65 
4.43 
346 
3.65 
145 
2.73 
146 
1.95 

"774 
342 
245 
2.74 
340 
428! 
HI 
340 
2.12 

_241_ 
143 
2.12 
2.78 
117 
249 
2.78 

Irfcrmatoi. Craw Listings and Or/ Cost hetans 



§ a 
* 

HRE3 Era 

SITE WORK      i^oi^ I A12.1-414 Excavate Common Earth 

T 

1 ^"Hst^ 

The Excavation of Common Earth              Trie Expanded System Listing shows 
System balances the productivity of the       Excavation systems using backhoes 
excavating equipment to the haufing           rangingfrom 1/2 Cubic Yard capacity to 
equipment It is assumed that the haufing     3-1/2 Cubic Yards. Power shovels 
equipment wi encounter Ight traffic and      Indicated range from 1/2 Cubic Yard to 
wi move up no considerable grades on      3 Cubic Yards. Dragline bucket rigs range 
the haul route. No mobffization cost Is         from 1/2 Cubic Yard to 3 Cubic Yards. 
Included. Al costs given In these systems    Truck capacities range from 6 Cubic 
hdude a swefifactor of 25% for haufing.      Yards to 20 Cubic Yards. Each system 

ists the number of trucks involved and 
the distance (round trip) that each must 
travel 

IZ8KL • 

^^^^ 

System Components 
QUANTITY UNIT 

COST PERCY. 

EQUIP. LABOR TOTAL 
SYSTEM 12.1-414-1000 
BCAVATE COMMON EARTH, 1/2 SFF3 CY BACKH0E.TW0 6 CY DUMP TRUCKS, 1 MRT 

Excavating, bulk hyd. backhoe wheel mtd., 1/2 CY. 
Haul earth, 6 CY. dump track, 1 mile round trip, 3.3 loads/hr 
Spotter at earth till dump or In cut 

Total 

1.000 
1.000 
.020 

CY. 
CY. 
Hr. 

.92 
1.86 

1.49 
1.26 
.48 

2.41 
3.12 

.48 

•      2.78 3.23 6.01 

12. 1-414 Excavate Common Earth COST PERCY. 
EQUIP. LABOR TOTAL 

1000 
1200- 

Excavate common earth, 1/2 CY. backhoe,two 6 CY. dump trucks, 1MRT 
-   -              Three 6 CY. dump trucks, 3 mile round trip 

2.78 
5.45 

3.23 
5.10 

6.01 
10.55 

1400 
1600 

Two 12 CY. dump trucks, 4 mile round trip 
3/4 CY. backhoe, three CY. dump trucks, 1 mile round trip 

4.60 
2.69 

4.05 
2.58 

8.65 
5.27 

1/00 
1800 

Five 6 CY. dump trucks, 3 mile round trip 
Two 12 CY. dump trucks, 2 mile round trip 

5.25 
3.55 

4.58 
2.93 

9.83 
6.48 
• 1900 

2000 
Two 16 CY. dump trailers, 3 mile round trip 
Two 20 CY. dump Men, 4 mile round trip 

3.61 
3.67 

2.41 
2.54 

6.02 
6.21 

2200 
2300 

1-1/2 CY. backhoe, eight 6 CY. dump trucks, 3 mile round trip 
Four 12 CY. dump trucks, 2 mile round trip 

5.15 
3.27 

3.92 
2.31 

9.07 
5.58 

2400 
2500 

Six 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 2 mile round trip 

4.26 
3.14 

2.82 
1.79 

7.08 
4.93 

«£ 

2600 
2700 

Two 20 CY. dump trailers, 1 mile round trip 
Three 20 CY. dump trailer, 3 mile round trip 

2.41 
3.22 

1.47 
1.83 

3.88 
5.05 

2800 
2900 

2-1/2 CY. backhoe, six 12 CY. dump trucks, 1 mile round trip 
Eight 12 CY. dump trucks, 3 mile round trip 

2.59 
3.56 

1.60 
2.18 

4.19 
5.74 

3000 
3100 

Four 16 CY. dump trailers, 1 mile round trip 
Six 16 CY. dump trailers, 3 mile round trip 

£54 
3.41 

1.30 
1.78 

3.84 
5.19 

3200 
3400 

Six 20 CY. dump trailers, 4 mile round trip 
3-1/2 CY. backhoe, six 16 CY. dump traflers, 1 mile round trip 

3.36 
3.03 

1.75 
1.29 

5.11 
4.32 

3600 
3800 

Ten 16 CY. dump trailers, 4 mile round trip 
Eight 20 CY. dump trailers, 3 mfle round trip 

4.25 
3.51 

1.85 
1.52 

6.10 
5.03 

4000 
4100 

1/2 CY. pwr. shovel, four 6 CY. dump trucks, 2 mile round trip 
Two 12 CY. dump trucks, 1 mile round trip 

4.27 
2.77 

3.50 
2.21 

7.77 
4.98 

4200 
4300 

Four 12 CY. dump trucks, 4 mile round trip 
Two 16 CY. dump trailers, 2 mile round trip 

4.21 
3.09 

2.90 
2.07 

7.11 
5.16 

4400 
4500 

Two 20 CY. dump trailers, 4 mile round trip 3.57 2.41 5.98 

4800 
4900 

3/4 CY. pwr. shovel, six 6 CY. dump trucks, 2 mile round trip 
Three 12 CY. dump trucks, 1 mile round trip 

4.15 
2.66 

337 
1.88 

7.52 
4.54 

5000 
5100 

Five 12 CY. dump trucks, 4 mile round trip 
Three 16 CY. dump trailers, 3 mile round trip 

4.21 
3.49 

2.78 
2.08 

6.99 
5.57 

5200 
5400 

Three 20 CY. dump trailers, 4 mile round trip 
1-1/2 CY. pwr. shovel, six 12 CY. dump trucks, 1 mile round trip 

3.44 
2.54 

2.05 
1.59 

5.49 
4.13 

• 

300 See tr» Reference Sectlefl fa reference nurru^i^^ 
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1; 4)22 I Earthwork ^ 
!! 

1 ; 022100 1 Gradina.                 -            1 WIT 

ourwi 
HAH- 

HOURS WOT 
1994 UK COSTS TOTAL 

DKLW 
:Uj '                  *                                               |OtW HAT.           LABOR EflUV. TOTAL 

1 
1« 

1 
0010 GRADING Site new. & fill, seed» 022-200 

0020      Fine grading, see c&v 025-122 

53 022 200 | ExcaWBackfill/Compact 

a 
tun 

010C 
BACKFILL By hand, no compaction, light soil 

Heavy soil 
tea 
•220 

lCUb 14 

11 

£71 

.727 

C.Y. 10£5 

13£0 
10£5 

13£0 

17£0 

22 

- 
0400 

compaction in 6" layers, hand tamp, add to above 

Roller compaction operator walking, add B-1QA 

2160 

100 

£88 

.120 

7.40 

2.71 £2 
7.40 

3£3 

11.70 

5.10 
UbUU 

0600 
Air tamp, add 

Vibrating plate, add 
B-9 

A-l 

190 

60 

ill 

.133 

4.08 

153 

.78 

£7 

4£6 

3£0 

7£0 

5.10 m. 
0900 

Compaction in 12* layers, hand tamp, add to above 

Roller compaction operator walking, add 
ldab 

B-10A 

34 

150 

.235 

.080 

4.47 

L81 £4 
4.47 

2£5 

7.10 

3£9 
1UUI 

1100 
Air tamp, add 

Vibrating plate, add 
B-9 

A-l 

285 

90 

.140 

.089 " 
2.72 

1.69 

£2 

.65 

3£4 

2£4 

4£8 

3£9 
208 UU10 

0020 
BACKFILL, STRUCTURAL Dozer or F.L loader 

From existing stockpile, no compaction 

2020 
75 H.P., 50' haul, sand & gravel 

Common earth 
6-101 1,100 

975 

.011 

.012 

C.Y. .25 

£8 

£5 

£8 

£0 

£6 

£5 

.74 
AMU 

2200 
Clay 

150' haul, sand & gravel 
850 

550 

.014 

.022 
£2 

.49 

£2 

.49 

£4 

.98 

£4 

1£0 
iUO 

2240 
Common earth 

Clay 
490 

425 

.024 

.028 
.55 

.64 

£5 

.64 

1.10 

1£8 

1.47 

1.69 
24U0 

2420 
300' haul, sand & gravel 

Common earth 
370 

330 

.032 

.036 
.73 

£2 

.73 

£2 

1.46 

1.64 

1£4 

238 

*. 
244U 

3000 
Clay 

105 H.P., 50' haul, sand & gravel MOW 
290 

1,350 
.041 

.009 
£3 

£0 

£4 

£0 

1£7 

£0 

2.48 

£4 
4U0 

3040 
Common earth 

Clay 
1,225 

1,100 

.010 

£11 

21 

25 

£3 

£7 

£5 

.62 

JO 

.78 
i. 

3220 
150'haul, sand & gravel 

Common earth 
670 

610 

£18 

JQ20 

.40 

.44 

.60 

.66 

1 

1J0 

1£9 

1.42 
i 4^40 

3300 
Clay 

300' haul, sand & gravel 
550 

465 

.022 

.026 

.49 

£8 

.73 

£7 

1.22 

1.45 

1£7 

1£5 

3340 
Common earth 
Clay w 

415 

370 

.029 £5 

.73 

£7 

1.09 

1£2 

1£2 

2£8 

2£3 
40UU 

4020 
200 RP., 50'haul, sand & gravel 

Common earth 
»OB 2,500 

2,200 

£05 

£05 
.11 

.12 

£3 

£7 

.44 

.49 

£3 

£0 
4040 

4200 

Clay 

150' haul, sand & gravel 
1.950 

1.225 

.006 

£10 
.14 

21 

.42 

.67 

£6 

£9 

£7 

1£8 
^ 4WU 

4240 
Common earth 

Clay 
1,100 

975 

Ml 

.012 
25 

21 

.75 

£4 

1 

1.12 

1.20 

1£5 
44UU 

4420 

300' haul, sand & gravel 

Common earth 
805 

735 

.015 

J016 

£4 

£7 

1.02 

1.12 

1£6 

1.49 

1.64 

1£0 
4440 

5000 

Clay 

300 H.P.. 50' haul, sand & gravel                                  [ 
T 

I-10M 

660 

3,170 

J018 

.004 

.41 

£9 

1£4 

£1 

1£5 

.40 

2£1 

.48 
50A) 

5040 
Common earth 

Clay 
2,900 

2,700 

£04 

.004 
£9 

.10 

£4 

£7 

.43 

.47 

£2 

£7 
SAW 

5220 
150' haul, sand & gravel 

Common earth 
2,200 

1,950 

.005 

£06 
.12 

.14 

.45 

£1 

£7 

.65 

£9 

.77 
U4U 

5400 

Clay 

300' haul, sand & gravel 
1,700 

1,500 

£07 

£08 
.16 

.18 

£9 

.66 

J5 

£4 

£9 

1.01 
54A) 

5440 

Common earth 

Clay <' 
1£50 

1.225 

£09 

£10 " 
20 

22 

.74 

£1 

£4 

1£3 

1.12 

113 

1 

bOUU 

6010 

For compaction, see cflv. 022-226 

For trench backfill, see dhr. 022-254 & 258 

216 U011 

4000 
BORROW Bank measure, loaded onto 12 C.Y. hauler, no haul IncL 

Common earth, shovel, 1 C.Y. bucket                                   t U2N 840 £19 1 C.Y. 3£8 .44 .72 4.74 5.40 

34 See the Reference Section far reference number infcmialicnCrewlJaingssndClyC^stWe: 



029 I -Landscaping ä;ä~:V^^^ 

.. 029 200 | Soil Preparation DULY l MAN- | 

«EWIOUTPUTI HOURS J UNIT 

IJMURECOSTC TOTAL 

waotf VAT.        'juoR   i   ijuip.   i    ::TAL 

c'J 60031 T..:..-j acscu. *j h? tractor, DISK narrow, i' :HO 

w50l                  i'im 
3-66 1:0.0001 .301 

1  ' -o.cco i .c:i 
11. 1                                : 

!    ' 
.31 

32 

204 

□ iiOOl                  :'ceeo 

€1501          Jc" rotctiller. 2* 
T   (33.0001 .001 

A-l  1 1.250 1 .CCS 

i            ,.;•■!       .:i 

1             '        :2 i        35 
.32 

.17 

.32 

.25 

52001                    "deeo 

52501                   i'deeo 
1 1.300 1 .038 

,r   | 750 1 .011 1 
T 

I          .151          .35 

!          201          .38 

.21 

.23 

£2 

.43 

o 
■n 

"0001 Lawn maintenance see Division 029-700 ,         1 i            ' i 
:        i 

ca OQiOl PLANT BED PREPARATION 

31001     Saddill olantmg pit, by hand, on site toosoil 2dabl   18  | .889 C.Y. 16.90 16.90 28.50 

208 

* 02001               Prepared planting ma 

33001          -kid steer kuaer. on site toosoil 

•   !   24   | .667 

B-62 j 340 1 .371 

12.65 

1.44 .28 
12.65 

1.72 

21.50 

2.70 

04001               Prepared planting mix 

10001     Lrcavate wanting pit, by hand, sanov soil 

•   | 410 

2CÜ1I   16 

.C59 
j 

120 

19 

73 i.43 

19 

274 

32 

11001              Heavy son or day 

I2C0I          :."2 C.Y. iackhoe. sanöv soil 
"   !   3 

3-11CI 1:0 

2 

.•07 

23 

2.31 1.33 

38 

3.64 

64 

5.25 

I2C-01               -eavy son or ciay 

ICCG1     "'«Planting sen. incl. I:am. manure, peat. Dv nano 
•   : 115 1 .139 

2Call  :•:•   i 111 

!                j        3.021        1.74 

!         24    1        5.051 

4.76 

29.05 

6.85 

25 

27.2 \          ivo steer toacer 

30001     - • S50. SKio steer »aoer 
£•62 1 ::•:• 1 .1:0 

'   12.S0O 1 -CC9 

T   ,         24    |        -.231          :4|         27.92 

S.Y. I               j         .131         a|           .21 

32.50 

£3 

31001           synana 

40001     Remove soa. P.E. leader 
2Clabl 400 1 .340 

B-10S1 2.000 i .C06 .14 .16 
.76 

£0 

178 

£9 
4100 

4200 

Sod cutter 

3v hand 
B-12K 

2 dab 

3.200 | .005 

240 1 .067 ▼ 

.12 

1.27 

.26 £8 

177 

.48 

2.13 

029 300 | Lawns & Grasses 
308 0010 

0100 

SEEDING Athletic field mix. 8#/M.S.F.. push spreader 

Tractor spreader 
noa 
•no 

A-l 

»6 
10 

52 

£00 

.154 

ii. 11.80 

U£0 

1570 

3.60 

5£5 

3.51 

32£5 

18.91 

45 

2150 

301 

0200 

0400 
Hydro or air seeding, with mulch & lertil. 

2:rdsfoot trefoil. .45#/M.S.F.. push spreaoer 
B-81 

A-l 

80 

10 

£00 

.800 

25£0 

13.95 

6£0 

1570 

6.90 

5.85 

38.70 

35 

46 

47.50 
0500 

0600 

Tractor spreader 

Hydro or air seeding.with mulch & fertil. 
B-66 

B-81 

52 

SO 

.154 

.300 

13.95 

28.50 

3.60 

6£0 

3£1 

6.90 

21.06 

41.70 

25 

49.50 
0800 

0900 

2:uegrass, 4#/M.S.P., common, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

£00 

.'.54 

5.05 

5.05 

1570 

3.60 

5£5 

3£1 

26.10 

12.16 

37.50 

1570 

"^ 
10001                   Hydro or air seeoing, with muicn & feral. 

11001                3aron. push spreader 
6-81 

A-l 

80 

10 

£00 

£00 

19.15 

10.60 

6£0 

1570 

6.90 

5£5 

32£S 

31.65 

39 

43.50 

12001                   Tractor spreaoer 

13001                   Hydro or air seeding, with mulch ifertil. 

B-66 

B-81 

52 

80 

.154 

.300 

10.60 

25.50 

3.60 

6£0 

3£1 

6.90 

17.71 

38.70 

21.50 

46 
1500 

1600 

Clover. 0.67J/M.S.F.. white, push spreader 

Tractor spreader 
A-l 

B-66 

10 

52 

.800 

.154 

2i0 

2i0 
1570 

3.60 

5£5 

3.51 

23i5 

9.61 

34J0 

12.40 

1700 

1800 

Hydro or air seeding, with mulch and fertil. 

Ladino, push spreader 
B-81 

A-l 

80 

10 

£00 

£00 

16.65 

473 

6£0 

1570 

6.90 

5.85 

29£5 

2578 

36J0 

36J0 

1900 

2000 

Tractor spreaoer 

Hydro or air seeding, with mulch and fertil. 

»6 
B-81 

52 

80 

.154 

.300 

413 

1870 

3.60 

6£0 

3il 
6.90 

1134 

31.40 

14£0 

38 

2200 

2300 

rescue S.:#/M.S.F., tall, pusn spreaoer 

Tractor spreader 
A-l 

U6 
10 

52 

£00 

.154 

7£5 

7£5 

1570 

3.60 

5£5 

.3.51 

28.40 

M.46 

40 

17.70 

2400 

2500 

Hydro or air seeding, with mulch and fertilizer 

Chewing, push spreader 
B-81 

A-l 

80 

10 

£00 

£00 

2150 

8.55 

6J0 

1570 

6.90 

5.B5 

3170 

29.60 

42i0 

41J0 

26001                   Tractor spreaoer 

27001                   Hydro or air seeding, with mulch and fertil. 
B-66 

Ml 

52 

80 

.154 

£00 

8.55 

23i0 

3.60 

6£0 

3.51 

6.90 

15£6 

36.70 

19.05 

43.50 

2900 

3000 

Crown veten, 4f/M.S.F., pusn spreaoer 

Tractor spreader 

A-l 

B-66 

10 

52 

£00 

.154 

3150 

33.50 

1570 

3.60 

5.85 

3.51 

59.55 

45.61 

74.50 

52 

3100 

3300 

Hydro or air seeding, with muicn and fertilizer 

Sye. 101/M.S.F., annual, push spreader 
Ml 
A-l 

80 

10 

£00 

£00 

53 

4£3 

6£0 

1570 

6.90 

5£5 

6670 

25J8 

76 

37 

34001                   Tractor spreader 

35001'                  Hvdro or air seeding, with mulch and fertilizer 

M6 
B-81 

52 

80 

.154 

£00 ' 
4.83 

1875 

3.60 

6£0 

3£1 

6.90 

11.94 

31.45 

14.95 

38 

108 See the Reference Section fcr reference rureer rtwrerö Crew UsSr^iruCty Cost Me» 



ICF KAISER 
ENGINEERS 

/I IJMr, rAtSZ    OlRintfwwy 

U>y,J&//  Co^D 

JOB NO OVS 02 fC ?CC 

SHEET    ^    or   ^ 

DESIGNED RY     /?/?  t~ 

CHECKED BY      ~T~Dh/ 

.DATE IM 
DATE // 

o £ sotf 

U™ /■ Cost* *o. y*/£+- 

Ar*CK ' 2-£~iterrs ÜOk)^ s 0."?<TtKt^c 

To fa / CesJ-z. /O6,CC0 tJZ2, coo & r5~o^> * '/ooet rrco - f/5%s-0o 

^7/J% Ceo 

ofe/'Cos*-* '/34oooI 

/3-d? 

[M 



0010 
0200 

0010 
0060 

EROSION CONTROL Jute mesh. 100 S.Y. per roll, 4' wideTsüptod 
Nylon, 3 dimensional 

0100 
0200 
0300 
1000 
1100 
1200 
0010 
0020 

Paper biodegradable mesh 
Paper mulch 

Plastic netting, stapled, 2' i V mesh, 20 mil 
Polypropylene mesh, stapled. 6.5 ozJ5.Y. 
Tobacco netting, or jute mesh #2, stapled 
Sit fence, polypropylene, ideal conditions 

Adverse conditions 
Place and remove hay bales 

0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 

RETAINING WALLS Akiminued steel bin, aeration 
and badcfiP not included, 10* wide 

4' high, design A, 5.5' deep 
8' high, design A, 5.5' deep 
10' high, design B, 7.7' deep 
12' high, design B, 7.7' deep 
16' high, design B, 7.7' deep 
16' high, design C, 9.9' deep 

20'high, design C, 9.9'deep 
20'high, design D, 12.1'deep 

46 
Seethe Reference Section far tItmnvuntoktmmjiiCmliahpMiCliCtaMK 
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1029 4 Landscaping   i ^ ^«? v ^ ^'-r""':.:,---p-'•■.■•••-•: :/:~;>V^; —*-:.-*^"---*0t";«*~i*-;£ '■"-'. " ■^.^Vn:-'-.-*. 

I» 

.029 300 | Lawns & Grasses                ^ DJUIT    MAN- 
W OUTPUT HOURS   UN 

1994 BARE COSTS TOTAL 
WCLOt* IT        MAT. LABOR EQUI*. TOTAL 

1 iff 1200 
1500 

1000 S.F.                                                     8-6 
Sloped ground, over 6 M.S.F. 

3     16 
15 

2500  Mi 
2.667 

S.         360 
320 

49.50 
53 

6 
6.40 

41550 
379.40 

480 
440 

316 

3 
1600 
1700 

3M5J. 
1000 S.F. 

1330 

12 

2.963 
3.333    < 

350 
370 

59 
66.50 

7.10 

8 

416.10 
444.50 

485 
520 1 

»10 
0100 

STOLENS, SPRIGGING 
6'0.C..byhand                                                        10 ab    4 2     MS I.          1150 38 4950 72.50 

320 1 

?r" 0110 
0120 

Walk behind sprig planter 
Towed sprig planter                                                 B4 

80 
«    350 

.100 

.023 

1150 
11.50 

1.90 
53 .52 

13.40 
1255 

15.65 
14.05 

6.- 

0130 
0140 

9*O.C.,byhand                                                     10 
Walk behind sprig planter 

tab   5.20 
92 

1538 
.087 

850 
850 

29 
1.65 

3750 
10.15 

56 
1155 

0150 
0160 

Towed sprig planter                                               84 
12* O.C., by hand                                                    10 

16    420 
lab    6 

.019 
1533 

850 
525 

.45 
25.50 

.43 958 
30.75 

1050 
46 

* 
0170 
0180 

Walk behind sprig planter 
Towed sprig planter                                                 84 

no 
6    500 

.073 

.016 

525 

525 

158 
57 .36 

6.63 
5.98 

8 
6.75 

' 0200 
0210 

Broadcast, by hand, 2 Bu per USJ.                                 1C 
4Bu.perM5.F.                                                   J 

lab    15 
10 

533 
£00 

4.65 
9.10 

10.15 
1520 

1450 
24.30 

21 
34 

0220 
(BOO 

6Bu.perM5.F.                                                     i 
Hydro planter, 6 Bu. per M.S.F.                                          B- 

r    650 
>4    100 

1231 
.160 

13.65 
13.65 

23.50 
3.07 2.55 

37.15 
1927 

52 
2250 

s 
"A- 

5 

0320 Manure spreader planting 6 Bu. per M.S.F.                              W >6    200 .040     ■ r            13.65 .94 .91 15.50 17.45 

r 029 500 | Trees/Plants/Gmd Cover 
i» 0010 

0100 
MULCH 

Aged barks, 3'deep, hand spread                                       1C lab   100 .080    S. Y.             152 152 3.04 4.08 
516 

*'• 

0150 
0200 

Skid steer loader                                              B^ 
Hay, 1'deep, hand spread                                            1C 

53   1350 
lab   475 

2.963  Mi 
.017    S. 

J.         166 
Y.              .16 

59 
52 

7.10 232.10 
.48 

283 
59 

if- 
If- 

0250 
0350 

Power mulcher, small                                           B-i 
Large                                                     fc 

54 180 
55 530 

.089   Ui 

.030 

tf.          17.15 
17.15 

1.71 
58 

1.41 
.77 

2027 
1850 

23 
2050 

(Q70 
0380 

Fiber mulch recycled newsprint hand spread               1C 
Power mulcher small                                            B- 

lab   500 
64    200 

.016    S. 

.080   M- 
Y.              57 
U.           6.75 

JO 
154 127 

J7 
956 

56 
1125 

0390 
0400 

Power mulcher large                                        B- 
Humus peat, 1'deep, hand spread                                      1( 

65    600 
lab   700 

.027 
m\   S, 

6.75 
Y.              .60 

51 
22 

.68 754 
52 

9 
1 

3|. 0450 
0550 

Push spreader                                                   A 
Tractor spreader                                                 B- 

■1    2530 
66    700 

sxa 
m\ M. 

.60 
U.          6250 

.06 
27 

.02 
26 

.68 
6353 

.79 
6950 

If 0600 
0650 

Oat straw, 1'deep, hand spread                                        1( 
Power mulcher, small                                           B- 

Jab   475 
64    ISO 

517    & 
.089   M. 

Y.              22 
U.          24 

52 
1.71 1.41 

54 
27.12 

.75 
3050 

m 0700 
0750 

Large                                                       B- 
Add for asphaltic emulsion                                           B- 

65    530 
45   1,770 

.030 

.009    G 
24 

aL            150 
58 
20 

.77 
58 

2535 
258 

2850 
258 

P 
0800 
0850 

Peat moss, 1'deep, hand spread                                      11 
Push spreader                                                   A 

Jab   900 
rl    2500 

.009    S 

.003 
Y.             54 

54 
.17 

52 
151 
.92 

1.19 

155 

H 0950 
1000 

Tractor spreader                                                B- 

Pdyethyiene film, 6 mi.                                                21 
66    700 
Jab 2,000 

.Oil   M. 

.008    S 
IS.          9150 
.Y.              .15 

27 
.15 

26 92.03 
50 

102. 
.41 

It 1010 
1020 

4 mil 

1-1/2 mil 
2,300 
25X 

J007 
.006 

.12 
57 

.13 

.12 
25 
.19 

54 
27 

*" 

m 1050 
hoo 

Fdter fabric weed barrier                                                  . 

Redwood nuggets, 3* deep, hand spread                               1 
r   2.000 
Sab   150 

.008 
553 

I 
-             450 

.15 
1.01 

1.15 
551 

154 
7 

W 
1150 
Ü00 
1250 
1300 

Skid steer loader                                              B 
Stone mulch, hand spread, ceramic chips, economy                    B 

«3   1350 
14    125 

2563  M. 
584    S 

Si.         545 
uY.             525 

59 
7.70 

7.10 
1.60 

611.10 
14.55 

700 
19.70 

w Dehnt 

Granite chips                                                  E 

•      95 
1-1     10 

505 
2.400   C 

7.75 
„Y.           25 

10.15 
47 

2.10 20 
72 

27 
103 

1400 
1500 

Marble chips 
Onyxgemstone 

10 
10 

2.400 
2.400 

95 
280 

47 
47 

142 
327 

180 
385 

JS 1600 
1700 

Pea gravel 
Quart: 

28 

r      10 

557 
1400 

1620 

120 

1655 

47 

33.05 
167 

4450 
207 

C-- 
1800 
1900 

Tar paper, 15 Lb. Wt                                                   1 
Wood chips, 2* dttp, tend spread 

(Jab   800 
•     220 

510    ! 
.036 

J.              54 
55 

.19 

.69 
53 

154 
57 

2.03 

B-m 
107 
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1021 J Site Preparation and Excavation Support ^f^^-^'^^^% 
021 100 ISIteCtearing 

CREW 
OUT   KAM- 

0UTKT HOURS IM 
19941AM COSTS TOTAL. 

' waotf MAT.      |    LABOR    |    COUP.   |     TOTAL 

% J0010 

0150 
CLEAR AND GRUB Light, trees to 6' diam., cut & chip 

Grub stumps tnd remove 
B-7 

B-30 
1 
2 

48 
12 

Acre 970 
255 

1.075 
740 

2,045 
995 

2,700- 
1200 

■i^ 

0160 
0200 

Clear tgrab brush k stumps 

Medium, trees to 12* dbm., cut & chip 

■ 

B-7 
i8 
.70 

41379 
68J71 

880 

1375 

2,550 
1,525 

3.430 
2.900 

4,150 
3350 I 

0250 
0260 

Grub stumps and remove 
Clear & grub dense brush & stumps 

8-30 
t 

1 
.47 

24 
51.064 

510 
1,075 

1,475 
3,150 

1585 
4225 

2,400 
5,125 

1 

0300 
0350 

Heavy, trees to 24' diam., cut & chip 
Grub stumps and remove 

B-7 
B-30 

30 
.50 

160 
48 

3225 
1,025 

3,575 

2,950 
6300 
3575 

9325 
4325 1 

0400 
3000 

if burning is allowed, reduce cut & chip 
Chipping stumps, to 18* deep, 12* diam. B46 20 .400 EL 9.75 755 17.70 

40% 
2330 i 

3040 
3080 

18* diameter 

24'diameter 
16 
14 

.500 

.571 

1220 
1350 

955 
1135 

22J5 
2525 

2930 
34 

i 

3100 
3120 

30* diameter 
36'diameter 

12 
10 

J67 
JOO 

1625 
19.50 

1325 
1550 

29.50 
35.40 

3930 
4730 

3160 
5000 

48* diameter 
Tree thinning, feller puncher, conifer 

▼ 8 1 ^ 2450 1935 4435 5930 

5080 

5120 

Up to 8* diameter 
12* diameter 

8- (3 240 
160 

.033 

.050 
Ea. .81 

122 
1.42 
2.13 

223 
335 

230 

421 
5240 
5280 

Hardwood, up to 4' diameter 
8* diameter 

240 
180 

.033 

.044 
31 

1.08 
1.42 
139 

223 
257 

230 
3.74 

5320 
7000 

12*diameter 
Tree removal, congested area, aerial Eft truck 

' r 120 .067 i 1.62 244 4.46 530 

7040 
7080 

8*dUmeter 
12*diameter 

B- 35 7 
6 

5.714 
6J67 

i L 115 
135 

no 
128 

225 
263 

300 
350 

7120 
7160 

18*diameter 
24'diameter 

5 
4 

8 
10 

162 
202 

154 
193 

316 
395 

425 
525 

7240 
7280 

36'diameter 
48* diameter ' ' 

3 
2 

13333 
20 ' ' 

269 
405 

257 
385 

526 
790 

705 
1.050 

lot 0010 
0100 

CLEARING Brush with brush saw 
By hand 

A-l 
t 

25 
.12 

32 
66.667 

Al n 610 
1275 

234 
485 

844 
1,760 

1225 
2325 

108 

0300 
0400 

With doar, ball and chain, light clearing 
Medhim clearing 

B-11A 
• 

2 
150 

8 
10.667 

173 
231 

410 
545 

583 
776 

720 
960 

0500 
0550 

With dozer and brush rake, light 
MeaTum brush to 4'diameter 

B-; IB 1 
JO 

16 
26.667 

345 
580 

1,025 
1,725 

1370 
2305 

1375 
2.775 

0600 
1000 

Heavy brush to 4'diameter 
Brush mowing, tractor w/rotary mower, no removal 

' ' .40 40 ' • 865 2.575 3,440 4,175 

1020 
1040 

Light density 
Medium density 

B- 14 2 
150 

4 
5333 

Acre 

1 
97.50 

130 
104 
139 

20130 
269 

264 
350 

1080 Heavy density < ' 1 8 1 195 209 404 530 

116 0010 
0020 

FELLING TREES fc PILING With tractor, large tract, firm 
level terrain, no boulders, less than 12* diam. trees 

116 

0300 
0340 

300 HP dozer, up to 400 trees/acre, O to 25% hardwoods 
25%to50%tardwoods 

B-: 0M J5 
JO 

16 
20 

Ai K 360 
450 

1325 
1,650 

1385 
2,100 

2300 
2325 

0370 
0400 

75% to 100% hardwoods 
500 trees/acre, 0% to 25% hardwoods 

.45 
JO 

26.667 
20 

600 
450 

2225 
1,650 

2325 
2.100 

3350 
2325 

0440 
0470 

25% to 50% hardwoods 
75% to 100% hardwoods 

.48 
36 

25 
33333 

565 
750 

2,075 
2.775 

2340 
3,525 

3,150 
4225 

0500 
0540 

More than 600 trees/acre, O to 25% hardwoods 
25% to 50% hardwoods 

32 
.42 

21077 
28.571 

520 

645 

1525 
2375 

2,445 
3320 

2,900 
3.600 

0570 
0900 

75% to 100% hardwoods 
Large tract clearing per tree 

y ' 31 38.710 1 ' 875 3200 4,075 4375 

1500 
1550 

300 HP dozer, to 12* diameter, softwood 
Hardwood 

B- 0M 320 
100 

.036 

.120 
[ a. 35 

2J1 
3.11 
955 

356 
12J6 

4.73 
15.15 

1600 
1650 

12* to 24' diameter, softwood 
Hardwood 

200 
80 

.060 

.150 
135 
339 

4.98 
12.45 

633 
1534 

730 
1855 

</> 

ß-93 29 



SITE WORK A12.1-612 Load & Haul Sand & Gravel 

The Loadng and HauBngof Sand and 
Gravel System balances the productivity 
erf leading equipment to hauling 
equipment It Is assumed that the haufing 
equipment wB encounter light traffic and 
wa move up no considerable grades on 
the haul route. 

The Expanded System Ustlng shows 
Loading andHauSng systems that use 
either a track or wheel front-end loader. 
Track loaders ixfcated range from 
1-1/2 Cubic Yards capacity to 4-1/2 
Cubic Yards capacity. Wheel loader* 
range from 1-1/2 Cubic Yards to 5 Cubic 
Yards. Trucks »or hauling range from 
12 Cubic Yards capacity to 20 Cubic 
Yards capacity. Each system lists the 
number of trucks Involved and the 
distance (round trip) that each must 
travel 

System Components 
SYSTEM 12.1-61M000 ——— 

LOAD I HAUL SAND I GRAVEL,1-W$FF3 CY LOADER, FOUR 12 CY TRUCKS, 1MRT 
Excavating bulk, F.E. loader, track mtd.. 1/2 CY. 
Haul earth, 12 CY. dump truck, 1 mile round trip, 2.7 loads/hr 
Spotter at earth till dump or in cut 

Total 

§ 
31 

QUANTITY 

1.000 
1.000 
.040 

UNIT 

CY. 
CY. 
Hr. 

12.1-612 
1000 
1200 
1400 
1600 
1800 
2000 

Load & Haul Sand & Gravel 
Load 4 haul sandigraveU-WCY Woader,fcur 12CY dump truda,lMRT 

Stt 12 CY. dump trucks, 3 müe round trip 
Four 16 CY. dump trailers, 3 mile round trip 
Three 20 CY. dump trailers, 2 mile round trip 

2200 
2400 
2600 
3000 
3200 
3600 
4000 
4200 
4400 
4600 
5000 
5200 
5400 
5600 
6000 
6200 
6400 
6600 
7000 
7200 
7400 
7600 

Four 20 CYJump trailers, 4 mile round trip 
2-1/2 CY. track loader, sa 12 CY. dump trucks, 2 mile round trip 

Eight 12 CY. dump trucks, 4 mHe round trip 
Five 16 CY. dump trailers, 3 müe round trip 
Three 20 CY. dump trailers, 1 mile round trip 

3-1/2 CY. track loader, six 12 CY. dump trucks, 1 mile round trip 
Six 16 CY. dump trailers, 2 mile round trip 
Eight 16 CY. dump trailers, 4 mile round trip 

4-1/2 CY. track loader, six 16 CY. dump traäers, 1 mil« round trip 
Eight 16 CY. dump trailers, 2 mBe round trip  
Eight 20 CY. dump trailers, 3 mile round trip 
Nine 20 CY. dump trailers, 4 mil« round trip 

1-1/2 CY. wheel loader, tour 12 CY. dump trucks, 1 mile round trip 
Six 12 CY. dump trucks. 3 mil« round trip 
Four 16 CY. dump trailers, 2 mile round trip 
Five 16 CY. dump trauen, 4 mile round trip 

3 CY. wheel loader, ten 12 CY Jump trucks, 3 miie round trip 
 Fry« 16 CY. dump trailers, 1 mile round trip 

Six 16 CY. dump trailers, 2 mile round trip 
Seven 20 CY. dump trailers, 4 müe round trip 

5 CY. wheel loader, eight 16 CY. dump trailers, 1 mile round trip 
Twelve 16 CY. dump trailers, 3 mile round trip 
Nine 20 CY. dump trailers, 2 mile round trip 
Twelve 20 CY. dump trailers. 4 mile round 

COST PERCY. 
EQUIP.        LABOR        TOTAL 

.43 
1.94 

2.37 

.47 
1.07 
.12 

1.66 

COST PERCY. 
EQUIP. 

237 
3.22 
3.13 
2.42 
3.07 
2.87 

LABOR 
1.66 
2.23 
134 
1.52 

3.84 
3.16 
2.06 
2.58 
2.87 
3.57 
2.37 
2.76 
2.82 
3.11 
233 
3.18 
2.64 
3.36 
3.03 
2.08 
£51 
2.85 
236 
3.06 
236 
3.01 

1.81 
1.92 
2.46 
1.71 
122 
1.56 
1.48 
1.76 
1.13 
1.30 
134 
1.46 
1.65 
233 
136 
1.90 
1.89 
1.11 
1.40 
132 
1.08 
1.44 
1.13 
1.42 

.90 
3.01 

.12 

4.03 

TOTAL * 
4.03 
5.45 
4.97 
3.94 
4.88 
4.79 
630 
4.87 
338 
4.14 
435 
533 
3.50 
4.06 
4.16 
4.57 
3.98 
5.41 
430 
536 
4.92 
3.19 
3.91 
437 
334 
4.50 
3.49 
4.43 

304 
(2-11 
See the Reference Section for reference number information. Crew Listings and City Cost Indexes 



SITE WORK A12.1-722:    Gravel Backfill 

The Gravel BackfiEng System includes: a 
buBdarer to place end level beckU In 
specified ifts; compaction equipment; 
and e water wagon for adjusting moisture 
content 

The Expanded System Listing shows 
Gravel BacMfing operations with 
bufldcgBrs ranging torn 75 HP. to 
300 HP. The maximum hating distance 
ranoesfrcm 50* to 300*. Ulis tor the 
compaction range torn 6* to 12*. There 
b no waste included In the assumptions. 

System Components 
QUANTITY UNIT 

COST PERCY. 
EQUIP.       LABOR TOTAL 

SYSTEM 12.1-722-1000 
GRAVEL BACKFILL, 75 HP DOZER I COMPACTORS30' HAUL, 6' UFTS3 PASSES 

Backfilling, dozer, 75 H.P., 50' haul, and and gravel, tram stockpile 
Water wagon rent per day 
Compaction, vibrating roller, 6' lifts. 2 passes 

1.000 
.003 

1.000 

C.Y. 
Hr. 
C.Y. 

.27 

.20 
33 

.38 

.09 

.86 

.65 

.29 
1.09 

Total .70 133 2.03 

12.1-722 Gravel Backfill COST PERCY. 
EQUIP. LABOR TOTAL 

V) 

§ 
9 

1000 
1050 

Gravel backfill, 75 HP dozer & compactors, 50' haul, 6*11*0,2 passe 
 4 passes 

.70 
1.07 

1.33 
2.25 

2.03 
332 

1100 
1150 

12* lifts, 2 passes 
  4 passes 

.45 

.70 
.84 

133 
1.29 
2.03 

1200 
1250 

150'haul, 6'lifts, 2 passes 
 4 passes 

.97 
134 

1.71 
2.63 

2.68 
3.97 

1300 
1350 

12* lifts, 2 passes 
4t 

34 
.97 

1.65 
1.71 

2.49 
2.68 

1400 
1450 

300' haul, 6* lifts, 2 passes 
 4 passes 

1.24 
1.61 

2.08 
3 

332 
4.61 

1500 
1550 

12" Bits, 2 passes 
 4 passes 

.99 
1.24 

139 
2.08 

2.58 
3.32 

1600 
1650 

105 HP dozer & vibrating compacb», 50' haul, 6' lifts, 2 passes 
41 

.76 
1.13 

136 
2.18 

2.02 
331 

1700 
1750 

12" lifts, 2 passes 
4 passes 

31 
.76 

.77 
136 

138 
2.02 

1800 
1850 

150* haul, 6'lifts, 2 passes 
 4 passes 

1.09 
1.46 

138 
230 

2.67 
3.96 

1900 
1950 

12* tits, 2 passes 
 4 passes 

34 
1.09 

1.09 
1.58 

133 
2.67 

2000 
2050 

300'haul, 6'lifts, 2 passes 
 4 passe 

138 
1.75 

135 
2.77 

333 
4.52 

2100 
2150 

12* lifts, 2 passe 
4 passe 

1.13 
138 

136 
1.85 

2.49 
333 

2200 
2250 

200 HP dozer & roller compactors, 150' haul, 6' lifts, 2 passe 
 4 passe  

1.08 
135 

39 
.81 

1.67 
2.16 

2300 
2350 

12* lifts, 2 passe 
 4 passe 

38 
1.08 

.45 

.59 
133 
1.67 

2600 
2650 

300'haul, 6'lifts, 2 passe 
 4 passe 

1.46 
1.73 

233 
2.72 

2700 
2750 

12* lifts, 2 passe 
4 passe 

136 
1.46 

139 
233 

308 See the Reference Section tor reference number Mcnnalicn, Crew Ustings f^ Cfty Cost indexes 



~3g?SS*'IO 

(A 

so 

1^025 | Paving and Surfacing ~^f%** i^^^&2^ ~^                                       % 

025 100 | Walk/Rd/Parkng Paving CHW 
DAM 

OUTPUT 
UN- 

HOURS UNIT 

1594 IMF. COSTS TOTAL. 
MdOtf MAT. UB0« EQUV. TOTAL 

104 0080 
0120 

Binder course, 1-1/2' thick 
2" thick 

6-25 7,725 
6345 

.011 

.014 
s.r. 1.99 

2.65 
24 
29 

21 
25 

2.44 

3.19 
2.79 
3.65 

1» 

-»> 0160 
0200 

3'thick 

V 

4,905 
4.140 

.018 

.021 

3.94 
525 

27 
.44 

2i 

29 
4.64 
6.08 

525 
6.90 <•">•«*                      v&zte m 

0300 
0340 

WMring mirv, ) • ihirk                             SfäSraS B.55B 10,575 
7,725 

.009 

.012 
1.44 
2.18 

.19 
26 

.17 
24 

120 
2.68 

227 
107 M/2* thick                               -"Jtgy 

0380 
0420 

2'thick 
M/2'thick 

6,345 
5.480 

.015 

.018 
2.93 
3.62 

22 
27 

29 
23 

324 
422 

4.05 
4.92 

0460 
0800 

3'thick 
Alternate method of figuring paving costs 

i 4.900 .020 T 431 .41 27 5.09 520 

0810 
0811 

Binder course, 1-172* thick 
2" thick 

B-25 630 
690 

.140 

.128 

Ton 26 
26 

2.88 
2.63 

2i6 
224 

31.44 
30.97 

36 

35 
0812 
0813 

3'thick 
4'thick i' 

800 

900 
.110 
.098 

26 
26 

227 

2.02 
2X12 
1.79 

3029 
2921 

3420 
3150 

0850 
0851 

Wearing course, 1' thick 
M/2'thick 

B-25B 575 
630 

.167 

.152 

26.50 

26.50 
3.50 
3.19 

3.19 
2.91 

3119 
32.60 

3820 

3720 
0852 
085.1 

2'thick 
M/2'thick 

690 
745 

.139 

.129 

26.50 

26.50 
2.91 
2.70 

2.66 
2.46 

32.07 
31.66 

37 
3620 

0854 
1000 

3'thick 
Pavement replacement over trench, 2* thick 

▼ 
8-37 

800 
90 

.120 

.533 
T 

S.Y. 
26.50 

1.47 
2.51 

10.70 
229 
1.50 

3120 
13.67 

36 
20 

1050 
1080 

4'thick 
6' thick 1 ' 

70 

55 

.686 

.873 " 
6.45 

9.95 
13.75 
17.50 

1.93 

2.46 
22.13 

29.91 

3020 

41 
108 0010 

0200 
ASPHALTIC CONCRETE At the plant (145 Ib. per C.F.) 

All weather patching mix 
noa 
-110 

T< m 23.50 
26.50 

2150 
2620 

26 
29 

lOf 

0300 
0400 

Bermmix 
Base mix 

26i0 
23.50 

2620 
2320 

29" 
26 

0500 
0600 

Binder mix 
Sand or sheet mix 

2150 
27.50 

2320 
2720 

26 
30 

2000 
2100 

Reclaimed pavement in stockpile 
Recycled pavement, it plant, ratio old: new, 70:30 

9.55 
19.15 

925 
19.15 

1020 
21 

2120 Rat» ok): new, 30:70 ^ ' 23i0 2320 26. 

112 0010 
0200 

CALCIUM CHLORIDE Delivered, 100 lb. bags, truckload lots 
Solution, 4 lb. flake per gallon, tank truck delivery 

Ton 
Gal. 

310 
.62 

310 
.62 

340 
28 

a: 

116 0010 
0020 

COLD LAID ASPHALT PAVEMENT 0.5 gal. isphalt/SX per in. depth 
Well graded granular aggregate 

HI 

0100 
0200 

Blade mixed in windrows, spread & compacted 4' course 
Traveling plant mixed in windrows, compacted 4' course 

B-90A 
6-908 

1,600 
3,000 

.035 

.016 
S. Y. 3.67 

3.67 
.78 
25 

.92 

.46 
527 
4.48 

625 
5.10 

0300 
0400 

Rotary plant mixed in place, compacted 4' course 
Central stationary plant, mixed, compacted 4' course 

* 

B-36 
3,500 
7,200 

.014 

.006 ' ' 
3.67 
725 

20 
.12 

.40 

.15 
427 
7.62 

425 
8.40 

120 0010 
0020 

CONCRETE PAVEMENT Including joints, finishing, and curing 
fixed form, 12' pass, unreinforced, 6' thick B-26 3,000 .029 S.Y. 13.50 .62 .60 14.72 1620 

12 

0030 
0100 

7'thick 
8' thick 

2,850 
2.700 

.031 

.033 
16.10 
18.15 

.65 

.69 
.63 
.66 

1728 
1920 

19.45 
22 

0200 
0300 10* thick                                              ^ 

2,900 
2,100 

.030 

.042 
2020 
225) 

.64 
29 

.62 
25 

21.76 
2424 

24 
27 

0400 
0500 

12" thick 
15'thick ' ' 

1,800 

1,500 .059 < ' 
27 
335) 

1.04 
124 

29 
1.19 

29.03 
35.93 

32 
4020 

0510 
0600 

For small irregular areas, add 
For continuous welded steel reinforcement over 10' wide, add S.Y. 

100% 100% 
420 

0610 
0700 

Under 10' wide, add 
Finishing, broom finish small areas 2Cefi 135 .119 i ' 2.76 

6.45 
2.76 4.13 

0730 
0740 

Transverse expansion joints, ind. premokJed bit jL filler 
Transverse construction joint using bulkhead 

C-l 
1 

150 
73 

213 
.438 

LF. 
t 

1 
1.45 

422 
920 

.18 
28 

6 
11.73 

8.95 
17.70 

0750 
1000 

Longitudinal joint tie bars, grouted 
Curing, with sprayed membrane by hand 

B-23 
2 dab 

70 
1.500 

.571 

.011 
Ea. 
S.Y. 

.225 
.15 

11.10 
20 

8.40 21.75 
25 

2920 
.49 

• 

• 

58 See the Referene* Section for reference rxirterWbnralicnOwUstirxjsarri 
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APPENDIX C 

RESULTS OF PREVIOUS INCINERATION STUDIES 



Previous Incineration Studies 

Previous studies have demonstrated that incineration of explosives-contaminated soil can be 
performed effectively (USAEC, 1984). Tests were performed with soils collected from Savanna Army 
Depot Activity (SADA) and Louisiana Army Ammunition Plant (LAAP). Actual testing of the incineration 
process occurred at SADA. The soils were selected to represent a wide range of physical characteristics 
and contaminant loadings. The SADA soil was a dry, sandy soil, while the LAAP soil was a moist, clay- 
based soil. Although the average densities, elemental contents, and percent ash of the SADA and LAAP 
soils were approximately equal, differences in heating value, moisture content, and explosives 
concentrations were found to affect the incineration process. 

The SADA soil was contaminated with high concentrations of TNT and small amounts of RDX, 
TNB, DNB, 2-Amino-4,6-Dinitrotoluene (2-A-4,6-DNT), and metals. The LAAP soil was contaminated with 
substantially higher concentrations of HMX and RDX, higher concentrations of 2-A-4.6-DNT and metals, 
and lower concentrations of TNT, DNB, and TNB than the SADA soil. The concentrations of explosives 
compounds found in the soils from the two sites are summarized in Table C-1. 

A preliminary test run was conducted to determine whether explosives compounds would be 
detectable in the stack gas. The temperature and feed rate for the test run were 800°F and 500 Ib/hr, 
respectively. Even though explosives compounds were not detected in the stack gas, the following 
observations were made: 

• Explosives compounds were detected in the ash (6.48 ppm); 
• Explosives compounds were detected in the flue gas entering the secondary combustion 

chamber (195.9 ppm); and 
• Explosives compounds were detected in the fly ash (26.27 ppm). 

As a result, all subsequent tests were conducted at feed rates between 300 to 400 Ib/hr, with primary kiln 
temperatures ranging from 1200T to 1600T. Following industrial practice, the secondary combustion 
chamber was operated at 400T above the primary kiln temperature to provide cost-effective auxiliary fuel 
utilization consistent with effective destruction of flue gas contaminants (e.g., carbon monoxide, 
hydrocarbons). The auxiliary fuel used to fire the primary kiln and secondary combustion chamber was 
propane with a heating value of approximately 2,500 Btu/ft3. 

In order to ensure complete combustion of the explosives compounds during the test runs, an 
ample residence time within the primary kiln was provided. The rotation of the primary kiln was held 
constant at four revolutions per hour. Since the feed rates were varied between 300 and 400 Ib/hr, this 
rotation rate corresponds to a residence time in the primary kiln of approximately one to two hours. To 
further guarantee that the explosives compounds in the soil were totally oxidized, air was supplied at rates 
of 100 to 200 percent above the stoichiometric ratio in the primary kiln and 100 percent above the 
stoichiometric ratio in the secondary combustion chamber. The use of excess air also helped to control 
the formation of nitrogen oxides (NOx). 

The NOx concentration in the stack gas may have an important impact upon the use of 
incineration since considerable regulatory focus will be directed at evaluating the potential increases in 
ambient NOx concentrations. The emission rate of NOx is closely correlated to the explosives 
concentration in soil and the soil feed rate. Intuitively, one might expect a strong correlation between 
thermal NOx formation and kiln operating temperature. However, the key factor affecting thermal NOx 

formation is flame temperature, not combustion chamber temperature. Thermal NOx was controlled to 
low levels for all runs by controlling the amount of excess air supplied to the burner nozzles. A 
stoichiometric feed rate of propane to air produced a flame temperature of about 3,000°F, which resulted 
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in relatively high thermal N0X formation. Whereas providing ten percent excess air to the burner nozzles, 
decreased the flame temperatures to approximately 2,200'F; thereby substantially reducing NOx formation. 

Table C-2 summarizes the concentrations of explosives compounds found in the primary kiln ash. 
According to the test results, a primary kiln temperature of 1400T must be used in order to achieve 
complete destruction of all explosives compounds except TNT. At this temperature, the minimum 
destruction removal efficiency (DRE) for the SADA soil was 99.999%. Because of its higher moisture 
content, a primary kiln temperature of 1600T was used to treat the LAAP soil. At this temperature, the 
minimum DRE was 99.979%. Even though this value is below the required DRE of 99.99%, incineration 
is still a viable alternative since no explosives compounds were detected in the stack gas. The use of a 
secondary combustion chamber ensured the complete destruction of all explosives compounds in the off 
gas from the primary kiln for both the SADA and LAAP soils. 

The fly ash was collected from the fabric filter bags before and after each test run using a 
compressed air, pulsed-jet cleaning system. However, there was no assurance that the ash removed from 
the hopper directly corresponded to the respective test run. This is illustrated in Table C-3 by the HMX 
concentration found in the fabric filter ash from the treatment of the SADA soil. As given in Table C-1, no 
HMX was found in the SADA feed soil. Therefore, breakthrough of explosives compounds must have 
occurred during the preliminary test run and contaminated the fabric filter bags. 

The primary kiln and fabric filter ash generated during the incineration of the SADA and LAAP soil 
did not fail EPA's characteristic tests for ignitability, corrosivity, or reactivity. Furthermore, the metals 
concentrations did not cause the ash to fail the Extraction Procedure (EP) toxicity test. Therefore, in 
accordance with 40 CFR Section 261, the ash did not exhibit any of the characteristics of a hazardous 
waste. Because the ash was not considered hazardous, the cost of disposal in a hazardous waste landfill 
was eliminated. This was beneficial because the incineration process generated approximately 0.4 to 0.8 
pounds of ash per pound for SADA and LAAP soil treated. In addition, due to the lower relative density 
of the primary kiln ash (SADA: 79 - 92 lb/ft3; LAAP: 43 - 60 lb/ft3) compared to the feed soil, the actual 
volume reduction ranged from approximately 50 percent to a slight volume increase (USAEC, 1984). 

The economics of on-site incineration are affected by a number of factors other than the quantity 
of waste, the physical form of the waste, and the contaminant concentrations within the waste. Waste- 
specific factors must be considered during the project design and cost estimation stages. These 
characteristics include: heating value, moisture content, halogen content, sulfur content, phosphorus 
content, alkali metals content, and toxic metals content. 

Heating Value. The heating value of a solid waste (e.g., soil) usually has the greatest impact on 
waste throughput rate and incinerator O&M cost. The higher throughput rates and lower per-ton 
operating costs are achieved with low Btu soils. The lower throughput rates and highest operating costs 
are associated with high Btu soils. 

Moisture Content. The moisture content of soil also has an impact on the throughput rate and 
cost of incineration. High soil moisture content reduces throughput rate and increases fuel consumption 
per ton of soil burned. High soil moisture contents can also cause thermal shocking of refractory brick 
at the kiln inlet and ignition quenching at the beginning of the volatiles burnout zone. The ignition 
quenching phenomena has a negative effect on the solids time-temperature profile in the kiln and can 
reduce the organics burnout efficiency. 

Halogen Content. Organic halogens are commonly present in contaminated materials at 
hazardous waste sites. Organic chlorine, bromine and fluorine are converted into the acids HCI, HBr, and 
HF, respectively, in the combustion process. With the organic halogen concentrations normally found at 
waste sites, quantitative conversion to acids can be achieved at secondary combustion chamber 
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temperatures of 2.000T or higher. The acid must then be scrubbed from the flue gas in the downstream 
air pollution control equipment. Only wet scrubbing systems designed for alkaline operation with caustic 
soda are effective in removing HBr. 

Sulfur Content. Sulfur is a common constituent of contaminated materials at hazardous waste 
sites. Sulfur is converted to S02 and lesser quantities of S03 in the combustion process which is 
removed from the flue gas by wet scrubbing. 

Phosphorus Content. Organic phosphorus is converted to P205 in the combustion process, which 
condenses to form a sub-micron particle upon cooling. Exposure to water in the scrubbing system forms 
H3P04 aerosol. Corrosion is a concern, but the biggest problem in burning phosphorus contaminated 
soil is paniculate emissions, because P205 is difficult to scrub since it has a mean diameter of less than 
0.7 /im. 

Alkali Metals Content. Sodium or other alkali metals in waste materials can create several 
problems in the combustion process: severe refractory attack, heat transfer surface fouling, and formation 
of sub-micron particulates. The refractory attack is a result of sodium reaction with silica in the brick to 
form low-melting sodium silicate glass at the refractory surface. This material is readily eroded by the 
movement of the ash charge through the kiln, exposing new surface to attack and continuing the 
degradation process. Usually high alumina firebrick or phos-bonded plastic are used to increase the 
resistance to alkalis and acids. However, these types of kilns are more expensive and add significantly 
to the installation and maintenance costs. 

The low fusion temperatures of alkali metal salts lead to extreme fouling problems on the 
convective heat transfer surfaces of incineration systems equipped for waste heat recovery. These fouling 
problems can be so acute that the economics of the incineration process are compromised by excessive 
downtime for boiler surface cleaning. 

The volatility of alkali metal salts also causes problems with respect to sub-micron particle 
formation. Salts vaporized in the primary kiln and secondary combustion chamber recondense 
homogeneously in the cooler downstream equipment to form particles as small as 0.1 /jm in diameter. 

Toxic Metals Content. The presence of toxic metals can substantially increase the cost for on-site 
incineration by requiring additional fine paniculate control to prevent metals emissions from the stack, and 
requiring solidification of the incinerator ash. Volatile toxic metals can be vaporized in the primary kiln and 
secondary combustion chamber and subsequently condensed as very fine particulates in the scrubbing 
system. This presents a sub-micron paniculate emission problem similar to that of P205, with the added 
concern of particle toxicity. The metals of primary concern are mercury, selenium, arsenic, antimony, 
cadmium, and lead, all of which are volatile at combustion chamber temperatures. 

A second, potentially more costly problem with toxic metals is that they remain in the incinerator 
ash in a form susceptible to leaching as determined by the EP toxicity test. Failure of the EP toxicity test 
can preclude on-site backfilling of the incinerator ash and in many cases causes on-site incineration to 
become an uneconomical treatment alternative. Unfortunately, the leaching characteristics of metals in 
incinerator ash are difficult to predict because they depend on case-specific factors such as the ash 
matrix, the chemical forms of the metallic species in the feed soil, and the kiln operating conditions. 
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